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Transient and Subtransient Reactance and Time Constants -




Design manuals are presented for salient-pole, wound-rotor generators ~~
and non-salient-pole, wm::id-rotor generators. |
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INTRODUCTION

. This study is sponsored by The National Aeronautics and Space Adm. under

- Contract NAS3-2783. It is to be an analysis of the brushless, electrical, -
generators that might be considered for use by NASA. The analysisis tobe.

, eomphte wmgh tor

a hasas im- chooetng the prqaer machme tor Vany

. : m

. The ramotweratorraﬁngsoimostiﬁemtfortmsstudyateaxVAm

100 KVA at spee& of 1800 mm 72, ooem l'requenciea are eo eps’ to X

4800 eps

: The maximum coohnt tempera:ture for this smdywm he 200 l?. Hwever, ,;je» -

e lower temperatnre cooiznts

Non ma@eﬁc bore seals will be eonsidared to emate the &ect of the large P
air gap necessary to accommodate the seal. Material and constructlon prob-'

lems of seals are not dlscussed

‘To provide adequate tools for studying the various brushless generators,
- complete design manuals and Fortran Computer programs will be pmvided
for those machines likely to be used.

Parametric datamtheformotcmvresulungfromthecompurterpro'gramsf -

will be furnished to aid in selecting the machines for specific applications.
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STUDY MET HODS (Cont)

Four quarterly reports will be issued. Each successive report will contain
all of the information of the previous rq)orts a

- MACHINES STUDIED

For certain modern applications such as auxiliary power generation in space

and for remote unattached installations, brushes riding on slip rings or

commutators cannot be used. In many of the applications, hecauseottem- ST

perature or radiation. rectifiers camwt be used in the rotetinz machine.

Several generators of the general type needed today were invented and buﬂt S
in the past before there was a real need for them. Some oi the generators
were re-irwented Others were re-&eovered. Those gmerators consldered

of most interest at presenf are: o : R "-?- o

-y

. Salient-pole, Wound—rotor, Rotating rectiﬂer, generator. |
. Non Salient-pole, Wound-rotor, Rotating rectifier, generator.
Two-coil brushless Lundell. | |
. Single-External-Coil brushless Lundell.
'-_Smgle-memx-c:m brushless Ltmdell. R
| Q’I‘, ;,;Eomomhr m«:taor. j_;;,
8. Heteropolar Inductor. | E
- 9. Permanent Magnet Generators.
10. Induction Generators. o
11, Cascade Generators.

[ ]

% P

Of the eleven machines outlined above, only the sallent pole and non-salient.

pole generators will be analyzed in this quarterly report. The nine remain-
ing machines will be studied in tbtaninthe three quarterly reports thatre-
main to be published. o -
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. [—— North Pole o
- P"") Separator
.South Pole
: ,,S;t,g,ggioaar{
- : e

3 .

— South Pole

~T . Anothe et brushless Lunde Iltype e is described in British Paten t‘ﬁi#ﬂ‘?l issued July, ~
‘ 1947 to Ball and Bumey, also in U S. Patent 2987637 1ssued in 1961 to Bertsche

and Gégenhetmer ii'_ P
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Brushzessiuade Sorﬁéimesi
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: e - - ST

for Egh Temgeratare Use

: "'**xs machine' i ofiereé b? Allgememe Elktncitaie Gesellshaft in Western

Essentzally t}us ‘same machme, except with non - magnetac steel brazed mto B

-the space betfseeﬁ the rotor poles i8 being proposed by U S compames - | }




- Rotating Field Structure

Laminated ﬁ — .
Stator ‘\ m NN\ \//, 3 | Stationary Yoke

—— Non=Magnetic Spacer

Anew dell-typeé geaerator hasno br@l;esand a. revohrmg heldstrm- o
tnre. itﬂaﬂ be made mth two output stators Mth the field structure re-

: | voﬁ%mg—l—)&ween the stators



Typxcal Construetaaa !or Large _
Homopolar Inductor

common wmdmg, {2)& double f6tbr hmngmrth poles n d irhd
“stator and south poles on the opposite end under the opposate stator and
~ 3y afield coil enclosed .in the 1;rcm Ioop formed by the outer

staters, ~apd rotor. e

& The hamepolar mductor generator was w1dely used as a prnne power source

ell or yoke, E

around 1900, and most patents on this type of generator were issued before -~
1910. Several conﬁguratlons were built by Alexanderson in the 1920's for use

- as aircraft generators, but in recent years, it has been used almost exclu- :
sively for inducnon heatmg and welding. :




-rantea e T TR Field Coil

/ ! : - Laminated
T 1 ' Stator

nu N v;_ﬁaﬂiﬁs o

Magnetic Pole
" .Section

* " This mductor generator is descnbed in U s Patent No 1369601 issued
February 22, 1921 to E F W Alexanderson.

Lisa machine mth tm,dlsk—type stators facmg each othera and hav" :

R R ;,;anﬁtkeﬁux—pﬁis—‘fmm"iéke, Hmmgh one statorwf mtothe .rotor magnet-
DR e segménts mto the second smtor and then back mto the yok&




Laminated
Stator

Output
Winding

o)

Schroeder Inductor

This is another disk-type homopolar inductor wlnch is described in U. 8.
_ Patent Application No. 3697, dated October 7, 1960, by H L. Schroeder

fﬁiﬁi_
44792} - 1891.

18, 1947 and 805352, 1955 and by Nikola Teslo U. S. Pat.

IR _ This.would be an aCceptabléméchine electrical'lyi'ﬁe it is difficult to build.— - -
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~ This machine, consisting of three stators and three rotor sections, was
~_patented in 1938 by Fisher U. S. Patent No. 2, 108,662.

 Because the stator length/rotor diameter is definitely limited in both the




~ and the- ‘stator teeth arearrangedsathatwhen the rotor moves one tooth

stempo]ar Inductor Generator T

haaa smgle retm: wﬁh teeth mﬂar t.u the '

Qus;put mndmgs are also placed in stator slots The two sets of wmdmgs

pitch, the flux through the a-c winding reverses direction.

~ One early machine of this type was . described in British Patent No. 18027
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e Egeitation .

. y— 4+ Excitation - S

' -D.c

‘77+ Exc:tation

- -.n.c, S

3 Excltation SR

Electremagnetlc Flux-Sw:teh Alternator

. / Theﬂu&smtch adterﬂa.tor 1&3 smzple version oi the heteropelaf mduc{er o 1
: It is used only where low outputs are needed and wave form is ammportant

¢ .
T



Output Winding

Permanent Magnet Generator

P‘erméineht' magnet geﬁéraibrs use high"cf'foerrcive forcé'magnéts for fiei&s.

~ The modern P.M. Generator designs are made possible by the devemﬁment

of A}mco magnet auoys The first Alnico alloy of iron, aluminum and
ruckel was discovered by a Japanese metallurgzst sthlma in 1931.
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Induction Generators

The induction generator, also called an asynchronous generator, is an in-

duction motor operating at a negative slip, or operating above synchronous

cmxﬁvz power source must also supply any laggmg or reactxve power re- -
- \“quu'ed by the load. o o i

e 7 "‘ins exc;mtxon :eqmremcm is an oﬁts-,andmg ucuuency f:«f f AR
e -generator-because the total capacxhygpomxeqmremer&nﬁeuexneed&m o
' ratmg of {he generator )




" " ries. Therotors of both generatars ar na common shaft with the polyphase
- - output windings of the | : , with reversed phase sequence, the
polyphase windings of thﬁ: second rotor. The flux wave on the second rotor
travels at some mulhple of synchronous speed (usually twice), and produces
in the output windings of the stator of the second machine, ‘a frequency that
is the same as 1f the poles tﬁ both machm% were combmed on one rotor




0




oped from the rela.tlon E=N £v B 10
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GENERATOR VOLTAGE AND OUTPUT EQUATIONS

To begin a generator design when there is no required envelope or other
size limitation, time can be saved by using an output formula that relates

rotor size to output kva. The ouiput equation is given here a.nd then devel-
_8 b

,2,,".

nt
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O owtm - rlmmoan e

90 i;m

' whe;fe__cir = rotor d:ameter whichis for pracﬁca.l purpoaes the same as t.he N

stator 1. D (inches)

L =stator mmmA R - _ T

- -#A = ampere wires/i.nch of bore periphery

netic generators convert mechanical s energy to eleetriwl

| energy through a change of flux llnking the conductors of the o@nt winding

| The voltage generated in a single conductor is -

«1_7:."’}-_-_-6 VB . 10

erms x Coils in Series
- Co:.l | phase —

erms d

| “Coll PhasesxPariﬁels T

_ _2¢vB max|10”

2 B 7t7;, ,Vf'f oL : o E . R " ':7?{{:’:;?' E




R RM’ K N QK,ilO

B v A

(N, = Conductors/Slot) |

Gp=BgMd £

Bma_x Funda.mentxl = (:l Bg

vB ax Fund = C d’l‘x—ﬂ—'

= Ephase=C, 0. 5N
N AM -, 9r g e
| (Ne = total effective conductors in the statorg _%_P) |

‘7'1' RPMNe Acix

SR B e
clxdﬂg o

_rm

C,, = Winding Constant =

5
GOxlO XELL

- %M e

c for3phase= 39c

Jfordpmmas @09 = 300,

LA

{

, T R

waor3phase= ase, - 1
|



The derived voltage equation can be found in the AIEE Paper No. 50-201
dated August, 1950, '"Design Calculations for A. C. Generators" by David
Ginsberg, |

¢ (RPM)C N
E,

LL :—,, 60 (109

kilolines) This is themeximum dma
times theareaofthesiatnrbnre.

Tom effective conductors in the machine

K, = Distribution Factor = . 955

Maximum Fundamental

ef the flux wave. This value
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m .
N = SFd - ampere wires per inch of stator
e bore periphery

| B L (Td 1 )RPM(.39C)N, |3ATrd

_______ - 8
7 60_x10 N,

o B 85621 RPM .39 C,A r

I a pole embrace is used that gives other than C1 1.0 (or if the maximum
of the fundamental flux wave is not equal to the maximum of the a.ctual ﬂnx e |

ﬁex w :
| (dzl )(Rm)A : -
- KVA == 7 ... The.basic eguation.

wave), tt;e KVA fcrmula should be multiplied by Cy

-~ Jength limits because alf the useful ﬂuxand most of the leakage flux passes -

' through the rotor shaft area The ontputs of the pancake or axial air gap gm- - o

" erator are 4 function of the cube of the outer diameter of the pancake stator.
These limitations are discussed in the section pertaining to each machine.

- Note' {fiwschits-{}arik and thpple in "Electric Maehfnery" Vol. 2,

appendix 8, PP 553-557 derived an equivalent formula for either
motors or generators.

- Convenhonal wmmd rotm: generators, P. M. Generators a.nd heteropolar

‘The limits of ampere loading will be determined for each machine and the
hmits of gap densxty wi].l be deﬁned £or each ma.chine 1n future reports







THE WOUND-POLE, SALIENT-POLE, A. C. GENERATOR

. The salient-pole, synchronous generator with wound poles is the standard ,
generator of the electrical mdnstry It has the highest electrical power out-
" put per pound per rpm’ of any practical electrical generator presently known.

- Because of its wide spread use and its superiority, all other types of elec- -
- "'trieal gemraers are eam 1 eé to the ma&poie, salient-pole. aymgmm

" In addition to its use as an electrical generator, the salient-pole, wound-
- pole maemne makes thebest smhrmus moter mﬂ_ : The pele heads
: txal‘load as an mductmn motor. The cage i
give g0 i;jf”far&ng cha:racferisﬁi:s and if ) chara

o Within 1ts usable range, the wound—poie synchronous generatﬂr bas no equa],
~ but its range of useiulness is I’umted Its maximum rotor peripheral speed

icax’imﬁs due to the ﬁeﬁﬁﬁaﬁﬂgs_ 7
~at least one slot/phase/poie in the mtor. ‘Jts maximum operaﬁng tempe e

“ture is about 600° F for the copper and {nsulation on the rotor and 350° F f
_ for the rotating (Bﬂlcon) rectifiers. SEseewe e e s

F -
i

4

5;} .

i




2
These thermal limits, plus the silicon rectifiers' susceptibility to radiation
damage, have forced the need for other more rugged types of generators all

of which are heavier, on a KVA/revolution basis, than the old standby
wound-pole, salient-pole machine.

It is well to remember that w1thm its appnca.tion range, no other type of
a-c generator can compare with the wound-pole, sanent-pole machine and




SALIENT POLE, WOUND POLE DESIGN CALCULATIONS

Symbol

(1) d

‘ s (2) D
| e
= (5)1%,?

(» 6):;1)
| 7) h

, ( 8) ‘p |
{9 m

- (0 Q
(11} b

mmber of vff": ,7 I

- data winding = - 0203000:

punching inside diametér
punching outside diameter

 core length ',,, B o

width of ventilating ducts

number of poies - o
number of phases -
number of slots " :

stahor slot w:dth

~(open slots = 0203000__

partially closed = 0203000
air gap length at center .

width of stator slot opening

star winding = 0203000

coil span inslots s

current per phase |
conductors per slot

number of parallel paths in windmg
stat. conductor size - dia. or width -




stat. conductor size - thickness
ratio of max. to act. fundamental

phase voltage

line voltage
_air gap length at pole ﬁp

expeeted coil temp. in C .
number of stra.nds/conductor in depth

- distance between centerline of strand =

S o . 7 . ' *(d) = 02030&;_ _ ** g
~ - ~ (e) = 020300_... .

*
= P >4




B
[ - 2y
i oo
e s = - ;
K
i
- = e e
= = = = F

widthofstatertoothl/z waydown

L E L SRR T T R A A L PR T R e T i

’widt:h of pole body , |
_lengthofpolebody

) _ -_ _ ': length of pole head
(56 b, widthof pole head

(567 -  steel specification (pole) = - e
(58) - | ~ lamination thickness (pole) ' | i;
' R 'numher of chmper ‘ba.rs/pole o '

~ — (e2) hbo N hetght of slot Opening above &mper bar |
S 4e3) bboﬁﬁ T width of slot opening R 17 T
o . (64) N b ~ number of field turns per pole o

(65) - - _Rot. cond. size - dia. or width
', o (66) = "‘i,”rf = ,rOt. cPHd‘ size = mm@eu SRS - AR o IE - , : ,,
R (67) ﬁ.i%? - mean length of the field turns - e e S

HE i
T g fre e gy ¢ s e =




Symbol

(68) xr°c
(69) -
(70) -
(71) -

by
R (8 W

(75) KVA
(76) P.F.

(7?)2,; R

expected rotor coil temp in °c -

% load conditions to be studied

high, ave., or low magnetization curve |

'height of rectangular damper bar | o
-~ ~“width of rectangular damperbar - - -~

power factor
" width of rotor st

_ width of slot opening in rotor slot

~ dia. or width of rotor slot

 stator slot pitch at inside stator bore

- damper bar pitch
‘distance below surface of rotor slot

damper bar length




el 26 tennklim

T EQUATIONS

|EXPLANATION

1s = Ki [1-nvby] = (4)[(3) - (5)x(6)]

Solid Core -
Length

| he>.Ths

|2he=D- [d+2h5] = (2)- [(u+ 2x (7))
102) >z.4_(7) M

If not STOP 1

| 5‘°’°5"2 .

o ',',Nmaf Sfa.tnr Slots,
ﬂ ?er Phnse Per Pole

+:667x(7)]*

" | stator St Piten ?
Y3 Wag Up Tooth

-boz ‘(194)

mxzm-nsw (14

i

(37)

I 'I

= Gwios

LI




T (18)
St [zxuow]

T (18)

2x(108)

Skew Factor

- '.".'Kd

Where oxg =

TNSin fé:mfz

3[!’1[90 /(9)] -
N Sm [9o°/N x(9)]

‘L Sm [99 /mc{} (103)Sm [90 /(9)2((03}?'?@:1"@?

Dlstrnbunon :
Factor ;

For (103) -#Imeqer

{17) -
(9) (los)x%]

Sm

* |chord Factor

(10) x (20) x (m) x (109)
(2')

Total Effective.
~Conductors

*358—-‘:@2?

AsShown

@) Jen<.e 189€(22) €.75

|Strand Area

is Obtained ByTW

(22)3’-75'

.050 |.000i24

000124

000124

072 |{.000210

.000124

.000124|

125 ' 1.000210

.00084

000124 CONDUCTOR

165  1.000840

.00084

003350 , AREAS

225 -001890

.00189

.003350] A¢ X NsT

.438

| 00335

.007540|

.688 | —

00754

Q01340 | :

.03020
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= I

(19)

.CQ¢

(21) x (113)

C&rrént
Density

by

(28)

d= tp V:

(108)

Pole :
Embrace =

o

[}49357 tog,o (115)+1. 3588] { [

1 (24) o 3 If (24) #0 Use value in (24)
Cg = [¥4935? bgwot 'H 3538}{ ?ﬁﬂ} ‘} A,

(27

Fundam@ental» :

_“ EC Kdri

_ (26) x(HG)x(HO)

A GHOR

)]--35211)
mJ ,

' Winding L

BExno" |

| ‘”T' Cwe ROM,

oo
(“7)x (nz)x 29;

TOtOJ_:;.,
- Flux

GAP
AREA

= rwdl

= X (l)x (3)

o G'mux- B
| Gmin
(27) ]
; _(B) ]

-

-4l

{ 087271 mg,o [Ff#‘%ﬂﬁ]u :90542}

(13)

- X (i 5) X { 08727! 109,0 [(, 08)] +1. :90542}

= Bl

P

(na) (rzt)
(8

Flux
Per Rote

SR S



btz
(123)

bt /3 ’tsu,s‘- bs-(!OS =(11)

Narrowest Part 1'

Width Of Stator -
Tooth V3 From |

i < 8T

- (118)
‘T Qls btz

(lo)xQion) x(123)

Tooth DenSttg

c | ég :

(22)
(102} X Oﬁl)

: *@P
2hc 15

: (32) o If Not Use vQ!ue In (32)
m Wound- Gmisa {Tmnsfer or (33)]

] L

= F rmed Coﬂs fl'ransfer Gr (33)]

o Lg=21¢2+11[2 +dza] +y|

3 If(8)=2]

End Emnsmn
~ Length

riML:pL .m:ﬁ%&ﬁ\-—;&“ﬁﬁe;&‘n&gg

N

.
Fpinihied byl AL % A b e

5 If (8)=4 TI(I‘I)K_IN‘I
.7 If (B)>4

(*0)

5* K‘fﬂi}{d-i»hs} . 5+‘E

t52
w/‘fs"’- bs2

oo

L S e
a3
.
‘
1
:

"z '/zMwnTum E

"P 9!x!0[

C + 234.

5] |

X

EZﬂ) + 234.5]

334.5 334.5

A‘l’XC

s e e

Resxstun’tg

(2o)x(to)x(t27}
(9) x (I13) x (zcﬁ*

PﬂsQlt-

maccZ ('28)"

Rph =

Resrs‘fance—~ -
/ Phqse

e TaRwil™ !



- Ns’c hst'l hSt Nsf Qc
© (120) EFTOP l+{584+ hst J}SBS 10 bs Px|05

_ (38)% 1] [(39) x(3) 40) (20)x4lxu3)2
e a2 Mwwj b’

2

Eddg Facfor
Top |

| Ergm EFmp-x 577345 th’f nsf Qg G] uo 3j_,_f_

b Fx }05

L(n)x (128) x 106

—(xso)“ 1 é77345r (40 x(20)x(a1) ‘d"ﬁ i3

Eddg Fac’tor :

&4 ocmsm%csﬁ 'rrx(}is)+5:n Eﬁx{us)}

43{:’33_0:;‘1’/2_; B 431{1[‘1‘:(’“5) ]

rﬁﬁ‘i’ﬁ?mg

'/?_ Cos!}c'n'/z:l +OCTY - Sm [ocn]
T asingxn/y

5 ‘;i‘Z' "1

4sin[m x(us} /2]

Cross

ST ﬁ“ neh'p‘t"ﬁ
- '[2 COSTIT x(us)/z]mx(us) Sm[ﬂx(usﬂ

AoIhNskp _ (9)x(e0)x(u)
,’Cts 7 (2]),‘(;04) |

- Ampere | ,_
Conductors
/ Inch

: ;i*::;?g;tef

, e ——— Pagtep Tof
" (42) # o : Kx '/4 [39 /rnq+j fmﬁ} x(n}/(q))((tos}}
71 (42) = o Kx e ,

Difference -
In Phase Of -

- |Current In cm

Stdes In

[Same. S’tot

Reducf ion

-~ Factor -

e e



¢, 20 - (136)x 20
Xmq~ (9) x(03)

(42) (b), Nis(31)

(42) (0) >\t '(‘37)[(“) 3X(“) +l6x(|04)xu3) 35 (104

(44) . (36) . (A7)x(4T) (47)]

gy 2x{4é) (49 fzs) m;x(m

+ t+ +

{Conductor
P_ermearpce -

= ;_;14) (HHH} em 3&@*9364@%@

. 2x(48) zx(49) (36) (47) (47) (47)| S
(42) (c) )u (137)&4; e @) e v o 35(‘%

(i)

b T zx(w4) 4x(i)

. (42) -(d); )\1 (137)-62+{43§ o

Ve s[4 G0, (@ 000 " s

| Ke = Calculdted Value Of Lg _ | ~(126)

Valueﬁp LE From Gmph [toslz(t7)(to4)+ 40203]

|Leakage

Reactive

- {Factor. For' '
s Eﬁd Tum

7 GZBKE
e = S20Ke ]

" (3)x(110)2 - 1,90309

 lend Wmdmg
Permzance

_628x(139) [41 log [o,‘(m]x(m{nm 109[41 log [Ox(m]] B

,1:%(14') ‘

Ke XN () [ (a0]

~|Leakoge
- |Reactance *




A A, = 6:38d _ 6.38x(1) - " , Air Gap
(142)] 7?7 pge: T (B)x(13)x(106) - Permeance

Xad Direct Axis
(143) Reactance
Xaq
044

Xad=X Aa €\ Cy = (35)% (42)x (16)x(132)

QUerGture L
Axis Reacmnce
Wemghf of
_____ | CO:DP?F
| () # = 283{b4(m Q 1shs+‘n‘{® hc] } "

(146 |
. -283{50)x(lo)x(101)x(7)+-n[(2) (102)} (aoz)x(m‘l}

R R X -

XOQ"X CQ Aa = "(135)x(t33)"x(:42)

- Gt - - s P S e .

e dp | d,. 2q (l) 2*(13) ~_ |piameter

Vp |\, _TdrROM _ T x(148) (29) | ~ |Peripheral
o= ] = Speed j

Effe@t tve
e Arzg 0{ Po{e

o Slde .
- |leakage -

i (53) "
Tm/(8)[(148) -2 (54) - .5 x(53)] - (51)

2[‘h"]*hf*25b} [(55)43)]+(53)+25x(9:)} Ed
B (3)  J|Leakoge *

>
A
L
A

(51)

—




2 [(54)+ (13) (ma)[:s]
(108)- (56)

- J|.

(120) x (147)

- B9ge _
: 3.19 -

3.19

ﬁ‘ ra ML/ at d““&‘"’* B |

: o= (7}:{71.5 m m spec tag (39} i (m) ﬂsmﬁ £124)l—;

For ch‘th

- - {
1 SEatioodeiin Gl b S

o iB hcl} [ﬁi /in at dsﬁsttt; Bt}
m[( -0 az)/zl}

—remezee — o

erU on curve spec. bg

4x(8) _ (30)& (70) u.smg (125)

AT, Per Pole -

Ste.tor

o Ampere Tum;sh

| ¢1

- 00638 [Ag Aot + Au] [ Fg+ Fs} o

s = 00638 [('50-* (152)+ (!53>]x [(r54)+(t57)]x(52) !

- " _(156)

prx (‘59)

~ Repeat steps rfbr ac (13) |

| Conductor

Area

; (68)+234?5 (M)X(B)XCGY)
"9"‘“‘5[ 3345 ][ (e ]

Resistance ~ - -
OfF fetd: -

- D ST




¢ V3
i

34

321 Np P ltr ch‘

32|x(e4 (a) (67) (lGl)

Weight Of
Rotor Copper

DO NOT CALCULATE

‘Weight Of
Rotor Iron

S (vated foad) = FPL

= (no tﬂudl) = FNL-Np :-

UW?-@M'**?*

Fietd
| Curvent

F Er *'IF "Rf

(165) x (162} -

{For thre ve&c e's of I )

| vottage

~ Field

(165) (!GI) ‘
L (For three values of IF)

'_ Dthnﬂ

,,Nm&

.l .

| --;Lfﬂ,,zpa,,[c,s 7 Mt %r]m"‘

= ‘»(_64)»2x(a) (52)x [—”25 x (121) x (142) + (168)] xio-8

D N T3 B
] s

Inductance

171)

(72)=0 ;
(2)%0;

hba/3 bm = -62

hh‘/3b‘“ = (72)/3"(73) -3 | -

s oo et o < aa e

S

5Vﬁ




y T
P

35 .

b e

(:72)"

+ (171 + S]

hpo. hha (62)
by g
beo 3bw } [(63)

Permeance Of
- Damper Bar
Embedded In Iron B

;\pt
(173)]

638{
Apt = 638{"“ -ty [np- ’]} 6.38{(56) 35‘%;‘35;9) -1]

}

T

Permeance Of .
End Portion Of -
Damper Bars

-~ Apd

AM-{;OS 2*” ”

B

D"** 7“9*} [ -
| AotAst +Af | -

"[(50)-1] x (sl)xn]} {[(72)+(73)]X(68)

2x(108) (72)+(73)+ (68)

% b

~ | Permeance In *

1
1
z
:
mrect Axts ﬁ

: %
j

Xpd

- 73))

xm— xam = (135) 174)

‘Leakage
Reactnnce In

- | Divect Axis

_ 20x(61)
(noa)

+(m)+ 5+

[(62) Q_B_)_]
(63) (61)

| Permeance In -
 lQuadrature Axis -

B X?wq= Gss)x(7e)
rQua.dratm Axts L

Leakage :
{ Reactance In

REACTANCES T TlME consmms

Xt Yot = ()4 (43)

—

Syn |
Reacto.nce In .=
Direct Axis

i

Xq = Xgt Xag = (41) + (44)

Sgn
Reactance In

X
(180)

K= Xe+Xe = (41)+(69) .

-} Reactance

* |Quadrature Axis -

“Unsat. -
~Trans.

-I-g



Xgq=.88X'dgy =..88x(180).

 |Sat. Trans.

Reactance .-

X'y = Xy + Xog =(141)+(175) 17 (59) # O
) Xa=Xg=(8) (=0

Subtrans
Reactance
In Direct Axis

Xg = Xu+ Xog = (40)+(177) - If(59)¢

. |Subtrans  :
o ,Renctcmce In ,;
b)i X%-Xf = (179) If (5g} ,g::i:::i;z;_; _ ;t?i‘fi:i;’?i;:";,, Niadrature Avis?

s
—1
*

Kxg- ’If (20)=1

LT If (20#'

Make )‘35-9 BRI

1_T Sx{i'f)
4*{9}*&%)

: .25

Ifﬂ(t@?ﬁ))fg@g S

_ (185 85)
(186)

(1 85)
DK

[o

7x (142)]




Aso= Aswo = (188) 5 If (59) =0

_(187)+(188)

_ A'so +Aswo o I
~ (187)x(188) ;IF(59)#0

Ago= (A's0) (Agwo)

| Transfer on (15)
1. IfA XQ 0 S

“Zere
Seqaence e

Resctanae o]

{ 667 R36}+3x(74)]

+2 (;40% | o

" \ (5] _
S o (t?’s){ 86)[(58).?089)] (9)x(toa)x(m)zx(:m)zx(n)

(I‘?Q}

(i62) S |

* ‘{‘

e Rpg | (9) (9 (*ze)

Rated KVA

BOLER

(184) :
200xw x(41)x(192)

Armature

ii&ii

Tine Constant

If (41) =60, Tz"s 0355 -

1f (41) = 400, T¢"=.005 | . Subtrans. ...

Time Constant °

"SATU'RAT%ON"’ S

FR = [h;i’hh}[NI/ in- at densxtg Bp]

~using (160)

_ pole
Ampere Turmns

L= {(53)«1-(54’)]{‘[1_0 on cutye spgﬂ; bg(ﬁ?)&é?ﬁ)i',u

Pl R 3



T

Fa
197)

FnL= Fg + Fg + Fr =(154)+(i57) +(196)

No Load

Ampere Turns

(198)

;e = Cogl[POWeh Factor] ;

Assume 8 ¢ Iterate le Cos 6 = %60) £107

Power Facfor
Angle

‘P Ton

C<>s 8 -Cos (198)

Tsine +><‘1] Tofl E’ in (:%Hﬁe)/mo -

€ "'_LV "e =(*99) 7' (193) | .

- | Power Angle

,Gen’em’for

ed Cos E*Xd Sin¥= cOs(zoo)+(’78)

100

Sin ﬂ(£99),,

‘Nominal
Véﬁégé .

L | Bor= o) Qéd eo%m anﬂﬂ-(izz) (201)- Gﬁwm% “(‘9‘;2}

Load Flux *’
Per Pole -

100

Vl qu'PD-PCOSe] FT+F
u ‘ FQ+FT+FC '

o (;54) 4—{;57}

_HJ(’zo;)x(xszx D+COS(!98]x(!55)+(156)_‘»__A S

. Leokage Flux

/ Pole :
- At Load -

| Load Totat -
| Flux / Pote -

= tht - (204)
Qp (150)

| Flux Density

- At Base
~ Of Pole

Fp,_ [he +hh] [NT/mm? At Densdg of Bpg:]
[(53)+(54)] E‘Lu on Curve Spec Bg(5‘1)¢(70)Usmg

205)] |-

Am pere Turns
_/ Pote
-~ At Load -

- TR




o e

.3

B e P (P
2 ,
( o7 = (201)x(154) +[1+cos (76)]x(;55)+(:56)+(2oe) Ampere Turns .-

Change factor 100 in (199) (201) (202) to 75

e 2’) "_7‘7';? ;7""' 2.52x }Q'E X (¥43}23‘ ( 2‘?}“511(55) e W1n¢nga
" } [wms/tb 1oss ot densxtg B{] | Watts per

L774 ‘Pound LOSS
[TLU on curve spec. bq (30)  (41) using (‘24)] .

K | Ke =k

."‘

: (1Q2i LQZQ ' Tt—umm-spgc,hﬁ Core LOSSS

I

fr oy -

g A
—

K, ___ 0 [4 91901 X (58) 06791] T ]




| 174 | |
- K3 | k3 -fn[&]-; 5147 %1075 x [(29) x(xo)] |
= 1.5147x 101174 109 [(29)/60] x(10)} 4 1g-5
ks | Ka =fa[ts] =.81x(104) 285= gyx1ol-285 og108)] ¢ <

(219 - =.rgxio[t14s g (104] ;g <y <o
. 92,(,()[.79 109 104)] o ts>20

| | | '_'_:""%_f n {35/9] { Bo/g 17 }-- 3 xjo 231109 (ﬁll(ﬁﬂ Sormremeee
Loy $3)= 3sm0 RObIGANE] | ———

 [3<Bofg £5] =.625xi0014 103 (14/(3)] |
[ 80/9 >5 ] =l 3axmf965 109 i4)/{xs)]

TR T - HE LY B == ¥ LT " - . g : =y

e ke= flo]- ,o[ 0323 (16)- feosee} Bt et

e =mi1. :wx(ﬁx (33 o L s A o ig‘; leey

- WapL w,m Kix Ko XK3 X Kg XKs xkexucn R N&Load Pole -
(223)1 ,,._(2:5):(217)x(zra)x(zfq)x(zzo)x(zzt)x{zzz) - }Face Losses

Rotor Stot
| Carters
: Coefficient

ke | Repeat (106) usmq be (77) in place of bs (“)
o (224)) omd bm (78) in place of bo (14) :

T e
- Jcoefy xc{enti_}j’_j

SR v : N I/ (77) e
R ’\f-f'{gk] f[@“@] 558“’9['65)?(?2?)] o] aERpEse

i) Fei- ?ém'f - 2x (3@

JEnE (228)] fsz = Zfsa = 2x (227)

C Yo




SR St

Damper Bar
Restivity

(229) |

i 5, 32- _%_!_ Vx h [Q_Z__l x(yg) | R,

5 = 32'\/ %ﬁ P h = .39x [(égg))] (79) |

B _“‘Oﬁ.og 025"'2 375 ’-09(230)],

| Kﬁ fn[sz] 20851 232 = 208x(230) 232,]:{(230)»,5_,, —

Repeot (232) USing (231) In quceo‘f{gm)

If (60) #0 0r(60)= 0 And (72) =(73);

= Ac- 75/ Ky = .75/ (232)
ﬁﬁd (12) ﬂzz) -

,; Chy (79
| -3551 Kpy 3x(8o)x(232)

g

s* ‘br )

+ Ny *7\c-(83)+(226) v@34)

e

>‘9 Kgg NZHEIC) . L

If(23o)<, L e




(2}:?7). Ko =1 T = MINAL
| - bo |2 n 2
| Vil { [zxus]}
ks | Kwi= Fn[bo/Ts] = #n [(1)/(81)] R
(238) =.17 Sin 25#-(1'—) - 875'”] +.88 |
- o (81) . .
Kw2 'Kw2= fn[bO/Ts] = [“)/(8')] _—
(239) =.235in| 3. 33,,@ -.667m| +.23
o (81)
Kgi | Ky = fn[Tu/Ts] = fnl(82)/(81)]
(240) -
, =smt21r—(—g%)-——72-r- +1
Kgp | Koz=fn[To/Ts] =Fn [(32)/(51)] -
(241)] _ (82)
= sm[ém D) ——é-} + |
Wonc| o _ 1.246 pnp p P 2 K 13| No Load
i) o= B Tssatng X{K"[zw[;;/m]} Damper Loss
+K [ Rwz -]2 | |
F2l2as+[Ae/Kaa]
_ 1.246x fac)Lb 5(5190)9 (84)x(229) EB,)X(,zo)x(zu)x(zzs)]z
(238) 2
X {(232{2 x(235)+|( 236)/(240)T]
(239) 2
+ (233 {2x(235)+[(236 )/(241)] ] }
where Qp=.251r x (60)2, if (60) %0
© o =(72)x(73) ;if(60)=0

7y =1




IR

Stator I12R

(243)! ;

12Rg=m Izph Rph x E/a Lomﬂ 2=(9)x(l9)2=< E/o Looa_]zx (129)

Eddy
(244)

Eddy _ Eddg Factor Top + Eddy Factor Bottom_“lllst

Loss ~ 3 - 2

_(-’30)‘2*(‘3') _.;] x (143)

hemre

Eddy Loss

2 . 9 2
(1‘24125‘3 IR = Ifz Re =(165) N0 Load * (162) Rotor I°R
— | = FEW+ Wy +We +Wayy+ Wp +12Rgy +Eddyy +1%Rpy| SUm Of
(299) _ (212) +(214) +(215) #(223) +(242) +(243)+(244)+ (245) LOSSES
éz% KVA=Exy3 xIpp x%Load xPF. :(26)x(|9)x(76)x{3 x % Load | Rating
— ) 1 Rating Plus
oag) = Rating +YLosses = (247) +(246) Losses -
(229) %Loss:{msses%Rating+ZLosses=E246)-2-(24eﬂx 100 |Percent Loss
— o, e o o _ Percent
250 % Efficiency = 100 /4 - 7% L0SS = 100 - (249) eppiciency ;
- W +We + Stator I2R +Eddy Loss Stator Watts
(os)| Wetts/In= By |Per SqInch
| [(214) +(215)+(243) +(244)]
T T x(2) X(3) |
Wen + Wone + 12Re] Rotor Watts
_ | watts/m2=D - , Per Sq Inch’
(252 _ [(223)+(242)+(245)] -

TTx(148)x(52)




4'4'_;

Stator Tooth

- 78
255 -{2[.27xd] ;}wm { [27x x % toad] }(2:4) Loss,/Load
Repeat for % load =.25,.50,.75,1.00, 1.25, .50, 2.00
ksc | Ksc= f [bo/g] = [(1)/013)]
(254)  _ o{11022-.17369 log[[(1)/13)] - 1]} if be/g2 375
_ 101-17815-.33419 tog [[(ny/(13)] - s]},lf by/q <3.75
~ _ [ Ksc Tpn s 2“ _[(254) x (19) x % toad x (20) 2 o
(255) | cFg (2)x (154)
‘Repeat for % {oad =.25,.50,.75,1.00, 1.25,1.50, 2.00
Wp _ [[®scIpn ns |2 - Pole Face
(256)| VPt ‘{[ CFq "]“ Wewy = (255) % (223) Loss/Load
Repeat for each value of (255) above '
WDL ng Iph Ng _ Damper
(257)] "o ’{ \L CFg ]“}WDNV(ZSS)X(MZ) Loss/Load
Repeat for each vatue of (255) above
— | Change factor 100 in (199)(201)(202) to 400,200,
(258) 133 80, 67, 50 & repeat (199) to (207) for each fnctor
I I = Load Ampere Turns Field
(259) . “FL™ Np Amps/Load

(207)for each vatue of (258)
- (64)

(250)

Repeat (243) to (252) using values of (253),(255),(256),

C257),(259) & % load for each load condition

YL s




.. 45
’\‘

NO LOAD SATURATION

{ Repeat Steps (261) thru (273).

| (2';0 Volts = Epp, x4/3 x % =(25) xﬁ'x 7 [original Set At.80] | Volts
(5 gz) Fg=(154) x% Air Gop AT.
(?érz) Bt=(124) x % Tooth Density
Fs _ . . L | A.T. Per Pole
(26s| Ft= Repeat (155) Using Density (263) For Tooth -
(2555) Be=(125) x % Core Density
S . A.T. Per Pole
(226} Fc= Repeat (i56) Using Density (265) For Coil
- _ _ Stator .
(gf}s) Bi= 638 x[(51)+(152)+(153)] x (267)x(52) | -EKI9e
I ; | Total F
(gg;;) @pt:: [/o X(|22)] + (268) POQPQ Polleux |
(E?o); Bp = (269) /(150) Pole Density |
F - ‘ Pol
- '?i) Fp = Fr = Repeat (196) Using Density (270) A,ﬁpire Turns'
. - Fo - No Load
(272) = Fq'+ Fs + Fp =(267) +(271) Ampere Turns
— | Repeat Ste‘ps (261) thru(272) Using % Of
(273) .9,1.0,11,1.2,1.3,1.4, 1.5, 1.6.
— | Repeat Steps(155),(156),(196) Using Opposite
(274) Extreme Of Saturqtion Curve And Then

—»




' Gap Density o

C@re X!en:itv

JTotal Flux___

"de,; !snt‘ 7

' ne-q Fact.Cm.

i uf-m n.'r.

. st.ur ;.'r. o

 Gap Area :

Pole Const.

Tooth Pitch : .238

Jvél Mean Turn________ .99

Res. Per Ph. At

300°F .0391

Ecld; Fact. Bottm

Ca.
A:p Cond. Per In.__

.érz‘fia ’3

676

% Load 0 | 100 ___}Sta. Core :f—'—l’:ld

11.6124.6 K geas b109 )

208w ot——|Fole TRt
t . ) - hm,rh i

3509?650 ss..; Pr_| f,

?ieid !.eai. !eaet. :
Fieki 80!! Induct i .l§

 Damp. Leak. XDd_%-30 XDg 2 35 1 ¥ Le

Resct. l“-cto; - . 7'86,7
Cond. Perm._ 336

YUneat. Teans. - 22,1 R S .'
S-t. Trans .. ... 19*5 Snter 'ﬁttsfla.
ko;oz Watts flianvz

T_’SUbtﬁnI- xe_lZ..}Q ﬁm

End Perm.___. . g_:_gz_

R . o
Lethtemt________is_z_s._

L Air Gap Perm.
React. Of Arm. Xad: 115 X-q68 7

Neg. Sequence__ 12.8
Zero Sequence________. .3-?

0" F :
Open Circ. Time C?mc?-—-———l-m-

Wt. Of Copper.

Arm. Time Con. 200234
Trans. Time Con 20166 ‘

L’ti Of- I'ron, P SR il S

1Subtrans. Time Con. .OQG




CCC = 214 -for A-connection; 216 for Y.

BBB 331!&rtypeasht3‘ 347 for b; 368 for c; ssuard,assfare.

~ DDD = 214 for random wound co ﬂs,°231£éi' formed. E
- EEE = .5 for 60° belt; . 433101' belt. . o
- FFF = Number of loads. =~ f

2. Code all unspecified iniormation as 0. ,

# Itis not necessary to specify C; and LE unless desired.

* Kt ok = 0, use .0001. '

i | 8 K 1.17 | | DDD 231 || bpo .038
m | 3 [ AAA .038 | | Cstator | 1 1bp1 --
RPM | 40| [@ [ 96 | |"tex | 0001 BarDmor| 56
KvA | 30 | |bg 06 | [N, | 2z | '

E 208 | | by -- #Cy 1.018] | b 3.0
Epp | 120 | [Db2 - oc-s 150 || b L
Toh 83.3| |bs 122 | [ 41k - tb <403
P.F. .75 | | btm 130 | [y .25 || Pdamper | 4 o,
% Load | 0 ho 020 | | g -25 1! Crotor 1
— [ ] [ Ealirs T | Foomipia ] o]

200 hg - h'st 192 or width-R} °

! . | ba E—  Fleg 1.975 [ [ Cond-Thick- |

|FFF__ | 3 hs 434 1 by 1.10 11\ 10.13
d 7.25| [ht 0 - 035 | [, m
D 9.25 hw ”~03,0 €max . 047 oc.r 150
1 3.0 EEE -5 h¢ .979 L
Ki-Stat. | .92 | fccC 216 | [ py .406 | Stator - MS 6003
watts/b 15.0 St%}lh?i?.gr 075 1h 30 Lower
B 77.4 - ~az1 [ Lo 3.0 Rotor - )&S 6002
K;i-Rot. | .97 ol 711 wer




S L-S

5127650CCC
K-D
5095766228
C-W

5539829656

T-S
5023725625
EDFBM

- 5110237587
- LAM-E
5154285781
WT=FE

5216291565

AP

- 5132018858

ACR
- §832275592
XD
$312229C14
X2
5212823877
ELL
532880CCC0
BT
5310650982
RAMPS
5212193116

2H~C |
5111325805
K-P
5096592582
0-T

5435198354
 B-T

53186505982
C-M |
5o8LC61346
X==L
5178472775

LAMSL

5081010762

WTRCU
5157084774
XQ
529070945k
X0
5138050721
RPM
SLLB8CCCOCS
BC
5290845653
RVOLT
5221779991

Q

5145000500

CN-E |
5318545775

GAP-A

5268329855

B-C ;
5295840653
C*Q ,
5C61963CCC

LAM-AV ¢
5315268843 -

LAMEL

5541850800
XF
5213689221
X1DU
5221536498
T100

i 5010248526

PF

. 5575050008

FG

5361148253
ASQIN.
51437783986

K-S

3110819184

A-C

- B911357250

 B=G

5251512449
LT

5176234816
A

5367826765
XAD
5311444287

LAMTL
5064863496
LF
5518306463
X1D
5218952118
TA

L983412055

oL

5226681995
C F4W
5334729156

48

CSPAN K-S—K
5583333333 511000 oos
s c-1 5
SW73345220 3115180000

e-p 0-p }

Bo64506M8Y 5328381527 |
P-PH EDFTP- hi
E9L44936752 3111665678?
X LAM-1
5087586776 5135308538
XAQ . WT=CU

5282862127 3153362083‘{
‘oL RE
522668199¢ 5117862531
XDD XDQ |
5143506836 5156025175 i
X2D X2Q \
5212197961 5213449794
TID T2D .

' §915882823 5850000000
BP FNL
5297000081 5382913190
STATH. SCORE

- 5318454792 5339801866

LR




o s.)
s

(

PFACE -
5310473045 -

8264445309
Fsc

5374778284

RAMPS
5225301498
PFACE

5312684223

RATNG
5522507653
PLOAD

512CCCCCCC

Sl
5273145628
FsC
5374778284
RAMPS

5242267138

PFACE

5319317758

RATNG
5545015386

DAMPR

RT+LS
5413033147
IPH

5283300000

ED

- 5120235302

SCR

5111087878 _

RVOLT
5245194879
DAMPR
513827388¢C
RT+LS
5525786353
| PH
5316660000
ED
5131912234
SCR
5111087870
RVOLT
5275499791
DAMPR
515829C174
RT+LS
5553608024

- S1SQR
5131651783 -

Ananannannn
VUV VUV

PLOSS

53100880000

S oLL

5251562235

ASQIN

B478LCL195 ¢

SISQR
5393543353
PLOSS

5212714867

OLL -
5277210584

ASQIN
5513597723

- SISQR
BL3TLIT3M

PLOSS
5216528791

L
3330178991

F+W
5334729156

- EDDY

5289018848
PEFF

5287285145

OPL
5332752915

F+W

5334729156
- EDDY

53356C7539

 PEFF
5283971210

- »RlSQR‘;:¥;i;
5326556594

SWSIN

5166824033

BPL ,
53110388304

STATH
5323477Ck4GL
RISQR
BL411434981
SWS IN

'§219009597

BPL
8312644165

. STATH
5335943291

RISQR
5431911593
SWSIN
5255692880

TLOSS

0

3#13333147§
RWSIN ;
5155187983 -

.F?Lm e

8417205519 |

SCORE |
5339801866
TLOSS 3
5432787506

RWSIN

218829163

FFL -
5428741649

SCORE
5339851866
TLOSS
5485927182
RWSIN |
5255598573
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CCL924928 5002922924 39002380926 3000300938 I0CC30094D

ZLCC90C8979 39

9
gc

CCTI95797C 9CC230C946 9CC230C0951 9C0C3C0955 3002300922

$255001026 k989758026 ToC000CCos $o0008C00C $0CCCO000s S0000000TS

VvV wwwe

(&)




TLC090C999

LL1095CC28
3080016

5939939776

BELL INSTRUCTIONS

5922923080

3707974088
5933933778
L779CCC8C3
Looo8hLoeee
Loce7798¢85
74700C0C 14
6280241060
161C69518C
3901852000

L9537798¢6

L7139C100C

CCT9688C9

W

0
73C9C1CCC

Wi

;6 LC0C7818C6

sa2c2c25121
C201123125

2897000781
CCC9598C8

K

§écslh9785

CC5C15C24

T00C918

w
(<

£00818777
3974708779
39018020C¢C

$CC758779
$205579558
802100851
318026461
2649310128

T8408LC780
1518639
Lei1ce8LC12 ©
7280128C15

]

$3530C0CCC

[9537818C6
501010102

$050139720
5555139736
100C713¢8
2899898898
5005130758
39598¢9
9002994956
8005120149 5002782956

(&}
«©

2899957

PASS II

Tok89L8CCC
teefoy Lol Eolote
2818933943
SLsL7C04LCCT

L500932775

3705961880
5132106380

£CC852779
5713000000
5203000111

69C715C1C3

2957751588

$CC5120163

C)I

$35300000
3956957CCC
6957160103

51
PAGE 4D §

CC9188CC

L777¢000803
Ce818779

Ligoc78c0ce

lalalalelals)

C0CC321067
C675111063
L91C7L4CC15
C3008C2779
L71390108C

(&)

L7139C10C¢

2897896CCC

MFANN

000807000
9002956782
£203000592

9000784809 30C8C963786

5/ 5




Loc.  BELL - INSTRUCTIONS PASS II

‘?69 C202025179 T2030C80537 $35200000C 5000747008 $351500781 §352841580
175 3000748000 ToCCT7L9CCC 3005781811 $20300018C 3000963811 5300758000
T81 30CC906CCC 3000901781 3905811000 3000806508 GO00781812 3005858000
187 3000903781 3905759000 &0CC781813 3705918080 3000920814 5813814815
193 $203000544 £35200C0CC 5000760000 §351000781 L974840000 5352000000
COC7610C0 1000762800 3000841008 3000781816 3000813008 Gooo9ce8iy

203080530 39328C000C 3000787000 L813000819 3801800050 G817000828
211 3000965788 T20202524k $203000958 2900758000 5202025218 40

<©
'\l
(233
w
~!
<o
—t

0203000223

1918948¢CC

2025222

«©

n

CCC764L781

£203000223

88932800

308

CCC717CCC

«©
~J
o
v
~J
©

§
]‘J

229 T0CC717788 T2030CC24L 3818818781 5939939508 1005781000 § 0C0CCC781

818CCT

Nl
U
Ui
W
(¢ o}
o0

CCC781CCC 3000960781 L943758000
000781781 3758966000 TCCC781788 1000920821 1964766000 G0CS767000
247 3000768783 3000962000 3000932000 3050821781 3959959008 3005859050
253 3500901000 §7810C0822 $203050550 3000769781 3970962000
259 30008090CC LooC78100C 3000000000 3000770781 3969928557 LCCC970000

265 LCO0B21000 3000000782 3968968008 2000714088 ECCS77188C 3080782005

271 TCCC7720CC 3000781000 To00714823 3939783000 3000769781 3970962008
277 3000902000 3000809000 LOCC78100C 3000000000 500C77300C 1000823824

000782000 L000781825 3841296888
116000000 5051800000 959758008 5113350088 5587600000

5028000000
$3007585¢¢
1968901800
90CC7¢9789
789505795
1944939781

939939CCC

3907962800
3827806000
2706789CCC

G 3807887000

LooC802791

L94300C782

3818771880

Looc781827
000781828
6953330601

CCC8C6CC

(&

5228CCCCC

300C974783

(]

75z




LOC.

337
343
349
355
361
367
373
379
385
391
397

C3
Lco
Lis
L21

L27 T

L33
539
Lysg
551
57
L63
L69
L75
81
L87
Lo93
ko9

TatataYs)
Vv

39439
TCCC78100C
T9L99L9CCC
3771818000
TC0C7850CC
$203c00C412
T950950CCC
3000974785

1C00784

«©

~
~t

(&

L9429330C0
79359392CC
300C791829
788000792

3000423000

3932962008
851758200
3941932000

BELL INSTRUCTIONS

CCT783783
3000791829
000782782
3000974785

T000784LCCe

F942933781

0783783

3900974080

3828832000

3000809580

L9LC818CCo
C203000412
;950939783
39409
T0CC783CCC
7933934782
1935935008
L5CC785785

lalalatal
vvw

1080782000
3000791829
943000782

$3520000CC
3804445300
3792449338
51117689CC
3000803781

<l
B
(9]
(oo}
N
w
0
W
(o)}

L950080000

CC833

Loce

PASS I

3000346000

il

C35CCCCCC

1939939¢CC

000785785
7000782000
T9499495C0C
100093

L94e818050

latatsl
LA A T

©300792792
5045203000
2L475C00CCC
35

C0C7828C¢C

lalaXalalalal
ASA VAL AVE Y

5119C83C598C
391845
3000825833
3C0CL68835
8C1
C007
253000485
CoCL92839

fa¥aYtal
vwvy

(&4

Ia)
v

W
($]
©
<

fata)
v

—af
(o0

(]

1

<

n
v

)

éﬂ

7946947500
3714826000

942933781
TCCC939C80
L9LT818CCC
10CC78108C

£CC782782
LoL30C0784L

97400783

000782CCC

Locc781832

3000481836
3803974837

C2030005¢05

PAGE 0353
1000782000
1933939782
LoL4300C078L
300C3L465CC
30CC791829
1934935783
377181825¢C

5203000412
944939781
T97L497LCCC

380LLLESCS
$3528L50C00

5032100000
3000800781



613
619
625
631
637
643
6L49
655
661
667

1 .37897¢

5&816376&2

10CC8065C5

(9]

C20300C518

9000557824
6505890568
6505880566
2005648561
C48C10C578

§1780519CC

NON
vuwv

(@]

203000322
T416981C
L716226

nn
v

T1129935¢C¢C
5320625000
5220445000
320660000
63206

[a¥aYaYa)
vy

G5LLLEL25Y,
5341542045

12 §¢C
1616981000 T¢

BELL INSTRUCTIONS

PASS 1II

TLBCBCCBC5 TC6C505C06 TTCH505006 TC6C5C680

481673673
205051519

L T203000318

8931331533
203000206
9000548088

ANNNAAANNN
VUV VUUW VU

$203000283
2455880561

1655900567 20C

7790140573
2790150579
7795350585

raYatatatatatatele
(SIS SRV VI VIV

$218952137
1717058789
3764789C0CC
5147161788
161628C1
26162851
0549162748
72482043

5620630CCC
228630008

§320548000
6720530800

CL8C836836
1959758008
8931331528
2775939787
L97597454L8
171
5411254999
3939783CC0
2790108562
5880568
CL8C1CC57L
2905500588
CL8C 100586

-
C283C3C

C)l

C300C322
2000717789
1200161628
6983491623
8C212138CC

5520450000
L741572C41
L22CL

[alatata)
vvwvw

lalalals)
vV

3205
5341542041

£2050C1298
TLCC863876
394870

A A

$203500256
T18010C563
§505695572
2790148575
2795158581
2798350587
$C500987 14
5235552540
695333C6¢8
$203000322
C169824916
1616
$oooocL716
7129932612
5220620000
120430000
L22047800C
53206

latalaYala)
VALV V]V

falatala)
Vv

su81669674 T

£2030CC522

—-—
latalal

8931347535
$2020C1542
Cces5543194
£202C01555
51185080800
2790150564
6505648570
2904000576
T480150582
2907501895
0050681714
5275853188

3321789CCC 2

laYalaXalatalatalal
(VARLE A A A A A A

238000CC 14
2801698426
49

€

33401300
9541000022
362574155

L320570C00
5720574858
6700000008

67415800CC

2908550565
1505918571
279C15C577
2790180583

1698100052
1294916989
1678000000
2 1635716321
5220622052
k320710000
5620570000
L544466357
5341542049
866320436

9 ey




ot

Loc.
673
679
685
691
697
c3

oSS
N' - O
—_ U1 o

RN Y B . B B B B N B
O o oo ~N o0 o00unowvoE W W N
w ~ et (V] L W o~ —t (¥, \0 w ~J

799

S5
811
B17
823
829
835

6663204645
5203000518

L972000C080

9999999999

50LO0T72734k
5023943200
924048000

5110000050

5111004812
5350306377
5110213192
£15837399%
5150458163

BELL INSTRUCTIONS

153574841
300C7170CC

90CCBL1BLT
2616971161

72100CC
L7124500CC
L875LC0CCCT

5203000163
5012

HBBBSCCSGS
52414595 23
5141819597

2951678CCC
30009688CY
3713808008
8949 1649CC

¢ 0203080875
¢ L78L4CCCCT

H712h33303
L9352CCCCC

5035211088 §

C 5C16530C0CC

216CC0CCCC

b a¥atatatalalatelola
VUUUULVUVVUY

laYalatal
VWY

52122

5410147623 TC

911597221

- §1276000CC 5

5083648990
5037608772
5055894350
5110030489
$187554470

5163161645

596592660

TL459642911

5085304763

AN NnANANA
v vUuu Vv

PaAss 11

$201316322

8283008120

551880CCCC

¢ §8189cC0CC &

L78L000CC0

712400000

. Hclzhnnnnn

TV W VW Y

5323450080
5058
5066143778
5045052833
956775248
5132433905
¢ 5120C800CCC
5292728953
5280487792

[aXaXaXale]
(PAVE VA A )

£219956123 §927208977 51849CCTC0

CC 5113588CCC

Eg SUUUU
2008781030

PANAAAAAARN ANANANNANONNN
VUUVUUUVUUY VU UV VY VYL VY
Sonnononan ARNAANANN
VU UV VW VY [$1 9191 IV I 9101 V)

69CCCoT 146

5712400000 L712LC0000

L£93020000C LBCCOCTCOCO

[9872712CC
5333450008
LB1677345C 5
52740597C7 5
5C489C9568
918251453

5097767905
L946118573
5083333333
5443870320
5567476758
916374914
5020891018

5110883591
$918995378
5274101815
518620CCCC
5328802178
5374439226 5185218589
5513336091 5067150008

—y IS
. &N
% : ‘:v' '
7

W

bndae 9



56
b

BL41 7800031592 5217535000 5293143530 5322135706 SL1485L538 5284337007

B47 5358740077 531611286

PASS 11 PAGE

BELL INSTRUCTIONS

LOC.

<3

[aYaYaYalatels]
ASATA AL AL

<

Ve Yala i atatals
VUV UV

(@]

110000000 5283333333 5249072734 5341819097 5141514232

871 5052121328 5277871378 5311928083 5099867498 5410147623 5327793535

877 5257613387 5333554872 5292043623

<

—
n
v




-
cCl

39289738¢C

atalasatetsl
VUV v

291
1843844000
TC0C817879

CCC729CC0C

[alala)
vww

3985737508
2989734000
78838828399

r\l{_r\r\nr\
LA A SA S VL V)

(@]
w

I
$

«

C8LLCCT
3739000857
7831853859

203000132
3800001
;886887894
6989000142
8954214148

(S]]
o
«©

<}
«©
C)

2

00828861

nmno
v

BELL INSTRUCTIONS

\»l

7239733530
3000720899
9002946681
30807228C¢C
T845C00899

333842883
£20300C545
3000733899
4550832898
3997997558
899¢ce

ﬁﬁﬁ
vy

L387c00899
3000991895
1000881897

6989C0C 114
1858859¢C0
373796CCC8
:899726¢CC

1851847862 3

397772¢899

2845972800
$505628029
E3oo7260C0
787587
39969975¢C
3000730847
37278L45CC
3816720008

(alaYlal
VN

Wi Wy
o
N
o
(4]
©
($]
C
Vi
N

«©

00828853

Wi\l
(]
(@]
<
[o2]
i
~
[ee]
i
(o]

CCC72186C
NANQN 1ANN
Vv v lvuw

PASS 111

~
L4

37219765C
L976000843
LoCC9208LL
L8990CC845
T2c300C6C7
899
300C8990¢CC
3000900898
3898848000
T0CC899881
1000898088
3000979899
TLoCo10s16
986984cCC

[ataYa)
VW

(&

[5cc897897
[974991
7831833854
9050855859
6962110122

la¥ala)
vV

[aYaYa)

000802899
$2030CC133
87899
1888889000
18298900300

[aYaYa)
VW

TCC0899CC0
2978928000
L8LC72400C
3815837¢C¢C
0203000536
3000630877
3800549008

cCC848899
3000731849
;811825899
L89900C0C0C0
3816832000
$28300001C

1008897893

TCCC893899
1831834855
£20300C116

90CC734886

2000720886

k89972c¢Co
374183208¢

£0C88800C
3000894894
3000933899
3744830000

3000822000

PAGE o1
2838000899

CC87288C0
297
L30C725875
L8317200C8

I W

lslalatelata)
vUvvvwY

1876500878
3000979846
799872800¢ .
38457320C0
38817260CC

X ata b 7 et

3000727883
LoCO8LCCCT
3991738008
1831850856
1831852858
9000734887

lalatala)
vTwvwuv

aYal
vV

2000723887
3000899889
889892

[a¥aTal
\VAViV)
3901852000

LoCCosLoST

! i
[ ] y . :
f |




NE N NE NE N NE NN N
~N oyt W N
- W g~ T 0 W

Wi Wl W NN DL NI
—_ 0 O W oo oo
W N = 1O W

LoCC745891
3862000864
CL8C8L2847
CLBCB6CEE6S

3859999859
3932800080

2760818008 ©

[a¥ata)
VN

272081

389676300C T

$20127828¢
9C0C720891
0C277389C

£3510CC898 3

3000897080
SLOC020033

BELL INSTRUCTIONS

3747722000
6902526179
TL4817C2707
3000880603
T8755CCCCC
5355000850

£CC903892
854750854

o Wi
co
4]
3]
€5
3]
3]
0
o)
0

C352815CCC

T201267271

3000831088
9c00748865
TL8C8LE853
9002951681
7878000881
9002819894

9005908893
855750855
899848858
3732000000
3000924892
300089286
820925C0C

30007530CC

3758000000

38967615CC T
3 89676 nnr\ ~

2767899CCC

£35100000
300C7223CC
CC0C929862

5CCC7800CC

[8949920CC
3899000897
2734000000

£500324896

PASS III

3000891888
$2030C0018¢C
TL817C08713
£005628192
3908908080
9cCC875896
CL481595597
£99¢9
6909CCChLCT
T3¢
27759398¢C
801720899

Qnnn
vyu v

[alatatataYa)
VWV VUwUY

[933974899
C 27378990¢CC
5201287289

2753896CCC

L86500C863
9CCC749865

CL8C891893
90029309895

300C75200C
37877550C0

2919¢08C0C

5201282285

9002771898

3892974CCC
37208¢C
3987783899
T2c1324329

lalata)
v

(&]]

06328001
$202025338

.

PAGE
L857854L0CC
CL81557562
ChB1714719
1976977874

c2

£02880898
SL481589594
3907000896
37530CC0C0

978CCC859

L9C3759C0C
$352818896
$2030C0274

5203000274

N}

76689930CC

3000896808
Log8LCCC 893

3898899896
3896896C00
$6CC324CC1
§788896834

v




L21

L27 3

33
L39
Lus
L5
L57
L63
L69
L75
L81
L87
L93
k99

$3528008000
L93397:899
27822000008

8998593CC

cCC920872
5481577582
5354850897
354851898
789773
E8980CCCCe

£0056285C1

lala¥a)
A\CASA Y

BELL INSTRUCTIONS

3737985008
5991892808

0C898

300L860888
30007970CC
2C0C734L0CC

£351000882

CCC 300093898CC

3883890862
1823824880
1860861008
7898000867
18678693508
8987225C¢
CLB8C862867
899000000
7899898883
3876000000
3846000884

283000607

ralatalaYaYal
vVuuwvwvwy

389
L5cco74893

4734800000

00038
3720895898
893885000
381881

39CCC00000

(alalal
Vv

9000917988
$35100008C
£352000898

G203CCCL27

39859870C8
300C75087¢

L300 83808C
CL81571576

3874635853

PASS III

latatal

L987c00894 L986984CCC

§9337200C¢
2734000882

3722723000
5893886000

3898598008 2

CCTC9593C0T

2750870871
[cCC979873
TL8CB68873

2000850851
389889600¢
3883875cC¢C
L0C0842886
1898000887

Looco7ucee
933818899
5CL6CCC
L991818¢C0

[aYaXal
vww

389972600C 2
CCC99CCCT

789cC0C0CC

T2014k2cL24

Ec““87sccc

3000795¢8CC
[89972200C
C481583588
$353850899
£353882896
2883000000
1789808
9CCC886603
3854875892

372200C899
nnn7h6

A AN Y4

399c00C899

=] W Wy
o O

-

3 e

N

¢

©

© o

© \0

Vi 0

875878CCC
CC29516C1

233CCC585

Ol WO



LOC.

637
643
649
655
661
667

881000893
TL80882887
3984788898

5341544553
6249000008
5941635547
B7L6414345
5941545762
263050000

L55353005C

$C0C051185
5124051265
5198C52115
532255327¢

23alalatala¥aYs!
VWUV VYU VUVUY

BELL INSTRUCTIONS

Cu8178C701
$L81563564
3554974000

5963105362
LLL1545759
5965565363

L243c00cCC

C481553553
8C11163760
5111351128
5129051328
5214852175
533205337¢

39079¢9893
Ch80892893
TCCC898088
3002854555
355490955k
9CCC820603
8203000544
863

faXataYaYal
vVvww v

5753566262
6249625859
162584955

5205623616
16054
2654800638
SL80603603
JC10141637
5112751135
5135051390
5222552310

5341553470

lalaXals]
vy v

aYa¥alatalaYaYataYa)
VUV WUV VUYVUUW

PASS III

9000909898 TL8C898899

T203000534
30C0991898
3555989555
3751554898
£CC562803¢8

5203000516

5657535088
S745L6460C
L5LLLL680C
/610668008

5
5

6530C8CCCC

C33L419CCC

2616207160
901012080
$20300000C
$L8C628628
6170054716
5114751156
5143551498
5244552648
535285359¢

[aletelataYalalaYa's)
VIV VUV VYV VWY

20008928C0
3556909556
Ca2c3ccocusl
£203C00926
3¢C0C8995Cs
3000993856
L 157000000
L662L300C0
L25753CCC8
5266624955
5549625859
6263416348

5117051185
5155551638
5288053115

PAGE
CLB156557¢
3984984892
;:8980CCCCC
1899556899
0500550887
6989cC0543

$0C993CCC
$203000218
5341546253
62435903508
1646530000
5366624955
6353566262
6243565945

CCC737629

Cﬁm



LOC.

873
679
685
691
697
3

~J
<

~ S
— 0D
\¥a} \Xe

757
763
769
775
781
787
793
799

<5
811
817
823
829
- 835

5130051328
5165051718
5224052285
5337053430
$c32164010
6663594364

50885000

<
(]

NnNAN
Vv

561514

5C79088¢CCC

BELL
5133551360
5177551848
5234552430
$35185360C
$000L91637
E7L65CC0Cs
67714L64L0T
6371445600
5131415926

5115787963
5525

faTatetalal
v uuw

5116500000
5111450000
5835000000

5093230000

5C110220C8

INSTRUCT IONS

5138051410
5191552180

5333450000
ESlnnnKnnn
[929191918191V)
E97nnnnnnn
VuuUUUv
5320000000

125000080

5092000CCC

5C62

a¥alatalal
VUV WUV

5116859680
503200000
531630CCCC

PASS 11X

5143051468
5211052124

5310253133

6772L4L5C00
6371k

[aYa¥aYs)
vV

5218000000

LL910000C0C §

51170C0CCC

$11400005C 5§

51350000088 5

C 512875CCCC

5027000CC0

taYaYalatolatealatats)
[SIWAVIVI VAN VIVINIV]

5143051538
5213852155
5317053218

(@]

L9574L80CCT
6744580CCC
5772582000
63724LCCCC
83195CCCC

5112855000

PAGE
5157051618
52178522C5
5326453315

C 321637285CC

L143590CCC
E7L
6772008080
51
51
51158888

52200CC0

lalaYalataYsl
VUV UV

T atalaSalatal¥al
VUV VUV VY

lalalalsl
Vv

~
VV VUV VYW VWY




o6

PAGE

PASS III1

INSTRUCTIONS

BELL

LoC.

paval
(919

atatalaZalsZalatals)
VWV VU VWU UV VY

865

(]

2%als¥ats’

nonn
VVVW UV VY

871 &

fataYalatatavtatsla
VUV WU UVVUY

883

5950CCC336

It atatata¥aYaRaVal
VU U VUV VY

9k3

[2X2YalataYatatata eVt a¥atalalata¥aley ol
VUVUVUUVUUY VWU UV VY YV

6000C0C 6714000000 T

C 5312

[aYaYta¥alatalal
VAV VAV VAV

ARNn~An
VUV UUY

967

00000000 6249550008



LOC. BELL INSTRUCTIONS PASS IV PAGE Ol 63

C10 5989000014 9000742853 3000742852 £203C000106 5985000079 3500736899
16 T203000C81

0C1 68860CCCCL 5000742890 203000145 2804748000 $201128131 $203000128

latelal lalalal

T20 7893030000 $201025022 3779893000 $3520C00000 $203000359 3893031000

2

$26 T00CC32893 203000311 5000359884 $203000365 5065000000 5026600000

vuuw

$32 5032270000 5037000000



-

o TABLE 2 ~-VALUES oF KanOR vmreer\mi_ StoT 34 ww9m6564
) Kdn - HARMomt DisTRIBUTION FACTORS ]
N - -
Y % 2 3 4 s 6 7 & Q 0 O
) [ 86| %o | .ase| 51| sz | .9s7] 956 | .ass| @55 | G55
3 Te7 867 45¢ £481 444 642 . 691 .éq0] .639 636
S [ 2590 27| Tzl me| ar| sl iz c19a| 93| 91
7 —.259 ] - 1717 | - .:59' = 149 ~ 145 - 143 ~ 141} ~ 90| —.140]| - ./36ﬁ
? | =77 | -.333| - 2% | ~.297| ~ . 236| ~ .229| —.225 | - =222] = 220 < 22
Y| -.966 | - 477 | - 26 -~ 10| - 02} - 097 ~.095 | ~ 093] ~.092]| -~ ,087M
13 ] - .95 217 .i26 02| 092  os6| .083| - .og, 79| 013
IS | - .77 687 .270 .200 A72| 158 iS50 L1450 14 27
7 - .259 %o .58 102 .088 L0751 .070 | _o4s 064 .os&ﬁ
19 259 960 | = 205 | = 10| ~ .ogz| ~.o72| ~.086| = cea| - oko] = 059
21 .707 667 | = 654 ~ .2a7| ~.172 -./43,’ =27 -~ gl o~ .p2| ~ 09
23 964 AT - 9581 ~ 44F| ~ 092| - .072| — o043 ] - 057, ~ 05q | =~ .oqi
25 | © %6 | - a7 - . 958 <200 10z .075 aé3 £56 o5z 828
27 707 | = 333 | = 42| 48| 232 158  .127| 411 g0 | .ow |
29 259 ~ 177] =~ 25| 9s7] 25| ose oté | 056 os0| 033 |
| 3t ~ .259 .27 IS8 957] = .497] - .0972] - o70]| - .o57] — .050] — .03/ |
C .
|
33 ~ .709 .867 <270 696 | - 6449 -.229 | - 150 | - JJi8 | = .40l | - 058 z”
35 |- 96 | 90 | 28| 200| -.957] =, 143 | - 063 | —.062 | - 052 | =027
37 |- .98 G600 | - 126 | - 99 | ~ 957 9s 095 | .o66 .65¢ | .026
39 |- .77 687 | -.270 | - 297 -.694]| .42 225 1495 12 657 1|
41 = 259 ST L~ 4S8 = 10 =197 .957 141 081 | - 0bo <623 1
43 2259 1= 177 205 , 102 . 195 457 | — 94| ~.093| - .068| ~.022 i
4s Jo7 | ~ .333 .654 . 200 236 692 ~ 4] ~.222) - 191 | - 092 b
47 966 | =177 -958 fo2 . 102 495} -.956 | - .,190| - .619 | —.020 |
49 984 L2107 958§ ~ .10 | - 092 = 143 | ~ 956 -199 092 <619 g
Y 707 687 654 | - 297 ~ 72| < 229 | ~ ,641 .640 .220 L, 038
53 259 . 960 <208 | ~.199 | —.084] - .097 | - .i94 455 146 L018
Ss ~ . 259 .90 | — .158 . 200 .084 . 086 Ty 955 | =193 | —-.o17
57 | 707 | 67| ~.2r0|  4a| 7| isg| 22s| .eq0| -.639| =033 ;
59 | -.98 L7 |~ 26 957 o092 L o7s 095 ,194| - 955 | ~.018 |
\? é1 ~ .98 | = .17 126 9571 = 02| -~ 072 | - 83| -~ . 140 -.955 org 4
' €3 |- .77 | -.333] .270] .96 -.236| -, 143 | —.150| - .222 | ~ 657 | .03 ;
és | -.259 |~ .17 158 n200| ~ (45| ~.072| ~ ,070]| - ;093] - 193 ors 3‘
‘ . C—— o
. - L R : gf L 1




t90 89| 011163 [Lbb 96 1998 Lo obt [590 5 089 ) &N $be The [Lon]9sb]b031/07 |99g |8 [bhl RhHI10A]96101 159
hp 48 [bog |1€6 898|169 ]0 01951 [oos [1€9] 01 00 298101 00% 00 1080188 {005 {50 |Loc |00 |9s5}598 [635| 01 €9
5 |sei|bog | hhi[sza1ta]a93 [1ng [Ebb] thblers A bhh|996 849 g f8b 9] 161 1989150b [hLG[LhI [F53 [oLb S ) 01 | 19
102 [hbh PO6]19b (57 €98 |38 |18 |49 [17¢ [2x L bb 911 [39b (9€ £r9 [0ah |98 1C1 568 [Sn [€en [Sbz |95L|584 144601 | bS
bb8 Lot bOE |55S 10T SIZ 001951 [hh1 {55 | 106 8L th9 Lo [99L (198|143 1h27| s8¢ |ohb| ISk |SSZBEN[1EB 1386 1085 |0'1 [ LS
3i1L] 011545658 [pLb [99g]Lot b8 [8bb [ 10b gn 8Sb [b52IELL $Bb 1oL [s9¢ [599 |£bb[998]480(895 1b8 | B4[995| 011 ] S
Lpi veLThos |19,] 9181586199888 6 [0t 81099 22t ¢35 856,52 8L S8k |h5h |SLOIEBL |£bb EHL1LBO10 (Inh |BbLNELIO | | €6
§6¢|Lbr S0 hbl 602|105 |00 hShhLI|SbI €Y §th En91LoL|99L 793|951 (Erz[heb|ons|88S 1hST 28L 18] <8b 1101 | 1S
[$2§] 0°1(608|1€8|bLE[6p]993 1hSh 1089 |14 101 994 M G3bay 11607 [9471005 (b [s€8 [Lon €259 1Bbb 88 |1£8) 01 | bl
7901617 |50 li€8 [sLS | vig [798 035 Ebb [L4A 29 2§27 b 95 ¢ |#ih$EL] b [9R) 180TINLS V€D |BbbIBIbLLLL| O] Lh
29z hn8] 01hbH £25 bEL| 00| L0L|00S] Sy T2rz 0 0jLOL|10b [FTb100G! (O|LOL[S2) [ £8b]998|LoL O') | Sh
Ih3h hSL bOg |IBb |obb| 91h 1999 | 951|966 [099 10 e |18 ek E6L|L0Y 802 | bIB|Lbb LhL 208 627\ OL) Eh
180 ik 603555 1492|010 3bp 100 836|185 (b09|8S0|L0h| 90b|tbb 168 (2L shs| 01| 1y
b45 55b 50815551051 | bob 885 19b €8¢ | he1|885|7965Lb|1E8 9 (hSh) 01| bE
145051 bag) 18 hed |59 108 ¢5¢ [ 1€1[5b¢ [end |38 1€b/SLI955 5| 07 [ I
££9.50b 0 |, bl :iﬁ o 16L [00g| 1§1 [LbS|$98|9£b(998[bs9 bht bSZTOT | SC
o‘wﬁ %m 18 24b|Tbb . hh|£27 [$0€ [99L] 15| 995|23L|955:The 1511 O') | €€
791 515 K02 V¢ ¢19] Lig 5 AR ENeSS 166|284 BLL| 18b1En3 951 | 5L0| BOI hbG ISbh|90b 089 iThh! 1¢211501 0°1 | Ig
Thy 596 B bl | b9g. Brp i 1Sh bSZ bR [SLhIBLE, 1£RiZhE [FS1ISIE|EALIFLLISbDIbIR €IS [12€ ) 91112501 01|62
T5E 520 Lot 196 01685 | 101 01561603 755100 |nsh|s29|t2b| (1] 16b|L0L [4en!SHE, 0°0] 0L 011 L7
b0g 156" 01 555 .m.gnm@w 995 k43 |TBL .&mwﬂ.}z Lor 1928 kblerty 998 hisSex 450 91T 162 Q1 %)
BLL (995 108 556949 14t 998 526 LbS MR [SO] SbI{th9 (1681956 Ibh 16@|E0L m;wvzio 1£2.85¢ 01 £2
20 025 103 Sﬂm@. 183|070 148055 Su,ﬁ,,wmh Em& et Lo, [#11]0°D|bog 955|778 83| O'llhab[99L]635 bS2| ODSbi “;mx? 01: 12
86 |25E V0L Lt [ § WRIIE am_ﬁ 29 mu,, mg 91 feg U6 L n:w __é 5521462 |44 697 1£3|58p| €3b:95h |EbL|LbG|LOL LGG b Veg bl 5651 07 bl
€11]001'bog 17 é b]993) 951|6501890 Trr s7h bIT 29, 5 56 |biblons 1L £38] S% |1€2[652 982 78L MIb 1841305 | 1631928109 19b¢ | 607 |L50 ! sbe tbh 0S¢ 82910°) LI
osh agp ol _? 07L, a:_oo L0 |99L 1§82 Lo 97b O 16b 17612801 LoL 008 |Sb] 00, ¢22 7he LoL Ok SLp| 011811533 102 19 60 [HL1{0°Q BT teh IS €0 LoL [ O &1
Bbs [b$h bag 5 M._ :x_ﬁm 573|386 |ELh 1hh 1o 818 679 U55 (3¢ | 811250 WLl Tioh (3] el |08 195 |€bb |Shb #1E, 143 h7bSh S5 | 161 650|692 €T 595 (559 (131, 4L 0| €1
i hh|9b¢ 12g. x50 ._.w,‘m._._,i %, €65 |829] 790 155 1551685964195 S0 191,97 155 2hg 961 L0 i1 |ERe[Toh|ALS [089 o5y [0 3t O [ TT
i: 41955 $29it0t pod ! 91 18b 116b 1 10p|978 LoL |05 &?Zﬁ b1, 001951 1622 1¢a¢ (05 (695 1L oL |28L ' £ 198 114810 b

LET S .Em f, ‘ 175, 998 Q&Q.@.? O 554 B4 3 k7 8193 187 £35109G by bS 7850 0°018al; [in the thsh 00S 1109 1949 |enL| b18 (378 [LbG |Bb ERbT Ol |
£bb TLh 071 23 ‘,‘\.Nwwwmmww& (o057 099 £ Mm do5 Uiy - 1y T bt s50 00 500 901 [ESZ 95 PE8,%%5 735 9, Lol Ve |£L|5¢8[798] 306 1L TG |55 976 01 §
¢ s Bog 5h1 bl | m__.o.o G510 Sp 27y DSy bog <ie o Wihigos 748 £36 29 £ 4o (997 10L 403 168 $93 118 10p ith Johb (1S, 1995 [Seb]1Bb S0b 1E0L [ 01 €
£60)0 %% 1€ %Y It I Tt i, . ,_‘,9 _é 3“._@., b EQFS $2b 6Lb 1335 $85, T8 13b | 16b|Ebb|Sah |96k L6k 1854 E1b 55| O3] 1
TS (245 9% 517 vg: o0, w;o.mw % R 88 95 .,,\m 800 | D16[92b|%Ep Skt 28 | BSb 15 156|071,
: o | R\,m ffy el Ol
L . Y . ‘L i) T\: b
",&.J: "% ol iz ‘..,,‘\.N 8
: oA .~\2 Jm\ ,woMi
, i e
.NL\V m_\““.«WI
_H'\Nm. - “ ‘ .~\: ‘.WI.
| b, ) €

N 1942

Ak

. - '

T 3w

Ay 1y

A

1= iR < BE N

gL E

TR

B N LT




E
-

Rouno CoprPer Wire

66
Si2g | Bage AREA 7% 000" ,.Smcsus, HERVY | Sinoie Giass| BARE WE | Sincie Guass | Dovsce Geass
AWG | DiamereR a" @ 25°C |Formvar| frmvar| Formuar | /1000 SwiconE SterconE
36 | .0050 |.0000196 424 . 0056 | .00é0 .0757
35 | .0056 |.0000246 338 .0062 | . 0064 .0949
34 | .0063 |.00003:2 266 .0070 | .0074 L1201
33 | .0071 |.00003%6 210 .C07¢ | . 0084% L1526
32 | .0080 |.C000503 165 .0088 |.0094 .olzl . 1937
31 .0089 | .0000622 134 .0097 | .0104 .0130 .2398
30 | .0100 |.0600785 | 106 |.0108 |.01ip | .0142 .3025 0132 L0152
29 |.0113 | .000r00| 831 {.o22 |.0130 | .0i56 | .3866 0145 .0165
28 | .0126 | .000125 66.4 .0135 | .0144 | .0169 .4806 0158 .0178
27 | .0142. | .000158 526 .0152 | .016! .0186 .610] 017y . 0:94'
26 | 0159 | .000:94 41.7 .016G |.0179 | .0203 ‘| .7650 0191 L0211
25 ! .0179 | .000252 330 !.0190 |.0200 | .0224 .970 02ii 0231
24 | 0201 |.000317 | 26.2 |.023 |.0223 | .0263 | 1223 025 .0276
23 | .0226 | .000%01 | 207 0238 | .024G | .0289 1546 0276 -.0301
22 | .0254 | .000507| 64 .0266 | .0277 .0317 1.937 0303 .0328
21 | .0285 | .o0o0638| 130 | .0299 | .0310 | .034q | 2459 0335 .0360
20 | .0320 }.000804 10.3 .0334 | .0346 | .0384 3.099 0370 .0395
19 .0360 | .00102 81y .0374 | .038¢ - 0424 3.900 C40q .0434
18 .0403 | .00126 ' 6.59 1.0418 | .043y .0468 4. q1y 0453 .0478
17 .0453 | .00159 5.22 L0469 | .o482 .05:19 6,23 0503 .0528
16 0508 | .00204 407 0524 | .0538 | - 0575 7 812 .0558 .0583
i5 . 0574 .00255 326 .0588 | .0602 .0639 9.87 062 . 06%6
1% 0641 .00322 258 .0659 |.0673 .0710 12.44% 0691 .07/6
13 .072 .00407 2.04 .0738 | .0753 | .0789 15.69 0770 .079%5
2 .0808 | .0051S 161 .0827 | .0842 | .0877 19.76 .0858 0883
{i .0907 | .00650 .28 .0927 |.0942 | . 0977 24.90 .0957 .0982
10 102 . 00817 1.02 .1039 | .1055 .1089 31.43 .1069 .1094
q .y | .oi02 81y | .65 | ust | Li225 | 39.62 L1204 . 1254
8 | .29 L0134 834 14306 | 1323 | .1366 | 49.98 .1345S 1395
7 4y .0163 .510 1465 | . 1482 .1525 63.03 /1503 /1553
6 162 .0206 403 1.1643 . 1661 .i703 7944 . 1680 .1730
b) 182 0260 .319 1842 | .18¢I 1902 /00.2 1879 1929
4 .204 0327 254 126.3 2:03 -2i53
3 .229 L0412 .202 159.3
2 .258 .0523 159 2009
0 .325 .0830 .100
2/0 | .3¢s 105 .0791
40 | 460 166 . 0500
CQ' 99




.60

any

- HOL10¥4. NOIL!

ey
LA

AIHH

| Cwﬁz’v&'\!:\/g. 4

for| ASC il

| Trans.,.:

i Dayidl<-

ey
ation:
oTrs.

 Calcul

Génerato:

i

-1———Ginsber,

- | Vo169, pp 127h-80, 205

ONVI3»

R

4

LIOW13G

"HOHNASLLIY

ANYLIWOD 1101713

£
r

e

¥HVYR JOVEL
BRERIE

/
HIN] | OL 02 X OF —/

‘\\f. ‘ON

a5

070

.65

45 . 50 55

.40
POLE 'EMBRACE A

.25

20

45

05



pad

Uifeesd

i)
dad

3L

PO &

i

FepyY

12
i3

44
T

B
- i‘—»&'

e

L.
Bl
S

b e gl =

5.
v

Wolovd 101

.m.::.......cUzJ.wmu.e;_u_a_..:.x'.n ..
pi-65e  HoaHLOLOl x o1 Lo




Y " T T T
i ! EeS eRRaCEEy R SRR SR Re et T
SRR & £ 8 HiAY
44 W S 1 153 p881 T o8 1 sapas
M 1] 1 p ] 114 8w
¥ HIEH
s HHH
pas! ¥3c RN (3848 ;! 3
o et me dea \ I m..ﬁ e yEIens
1 . I . -, i 31 m jEg: 3
] » i . 15 R4 oe
<4 - {4 HIH 4
H P 13 T 3 8 paruangd
: el 33 AJ g 3 it w 4
; 1 siifsbiachanst s 228 B ] T iB afestfes
1 - . ¢ . ® e hres p) I
IR A I
- e 1 1 L3
"s h
AAW.. “ \__ 4_ lw 4t 4+ :
t I Eaed -
T .
- t 1 T
S50
T
. ﬂ "
3 it e
i jREd
: 7
< 1 { -
e T ba
1 T
+ 1
+ ? T r
13 paubd 1 ¥ " XT T Hr e
11 : 1 aes -
1 1= 11 1 + > 1
. I 4 i
L » f 1 L L
b ) e
¥ T u) 111 1 T »
16 1 + -+ 3.
- < i T 1 3. L 8 { 1 u |
b h ) e + - I 3 - I 1
g J T - )
1 1
" e T T 1 T T !
1 2 158 0% B bk wseps} ng
1 T
T b 11 1
: X T
M T T T
T ns T AR
3 - 1 r T
¥ ; HARLS AT t
anns W. aheaiise’
I fer
.4 1 &3
S+ 1
T 14l IR Y
b 1 L 1 t1 ;
» §il) * -+ S uant : O3 Bne oy
=3t H T )2 Iy T ]
1 ] ¢ HHH * 4 ,
b 1T al
1 3 T 1 It T i 3 - b 3 1
T t T I T e ¥ T pe i
1 : T s T 1 ¥ T
t Slaakd 1 [
B E e <~ e Fre ; nown : >
t : i RANA Examiie N m ) t IS sy b
SEgSREn) Sua 3 I 1 v : bed
- . T z 3 : « S |
Y T t 11 + '8 t
T b T 1 i TES T
T FHIH 313 i : T
b ¥ H
- g4 : :
hd |
+ + RS RbAE:
R
guss
: ) 3 b [3anbd tfrretlt -t r~
-2 Srat st iw 11343 17 Sa wm At
3 ! I b 1 eaRBasEn: TS
- T +
ity PR SS SSPEY Naaps unges
. 3 1 I T 117 1 11
r] 4t : 1 . ppend: [pSoARRLAY epd- " 1
T 7 s § Rubbpahany fene
T $ 3 T «qxw ..W“ T ettt
4+ F-y 4+ o 4t e iy PPy o v
jasatht : paRRsERan] Busbish :
133 aad ~
: T 1
b hA B0 0t RRRRG RABRS 840
Sl g pRan [gepRanss s T
: dhtaatiiEhs
yi4 ! A aeann
3 * MRS BRESE Pate Tebfied !
¥ o o e e 4 Pu pe POy wvstmg .
i T EEIH : SSEpaR :
ks n 1 i I3y ﬁw i 1 ad T 1 o i
¢ s Bk H
7 iy 1 Eeun T ”
sidfsseischatpeacs sl i \] i i
HATIR S I [RESE RS b ) +
v i e g - F3 1414} ]
T TR nh Ee v 1 ST ]
geas! e ot8as ppaas n 1ty Sualss n na
s ety pRba jgaa| 8 y ba 84 |
T ot o8 es pgan I T T
n“.. b8! v 1y T M 1 ne
134 S thics dadgebad ;
IS : -+
HH 13 =13
Ty 1 i
VINY = T
gak pEk4
T b
A T
pe T I
3 PR RERas
’ Ty haseeih
T peaas
i o jesges
M i ,nwA 3
. 3357 213

VSN NI IavE OO UABSI U IRIININ

vi-6GE

‘WO AHLOL 01 X O}

ZeH




88 ‘L 9 gy

ot -
1

i

e e g e+ g S S m e

1 6 8

157%)

Yol

age—ir
+ |ATEE

gy
A

Trans

§

on

als

'l o
i

i
R
¢
i
:
+
i

g
't
:
!
I}
s

a2

¥
i
‘ﬁ

: ]%

Kl

e R =
ot L O s

b3z fovs(= CAF

1314740| TVINT

Airviyvd Ao g = HLT
INTTOITN AITS
MOT HLB20
MO T THLSST
crrohors L sy
OTMOT JHLE90"
=S SIS

to |Ldninatld

‘I;

H o[ S I TO0rUs08 oL T 0% T ‘03
‘Y 'S N N 3OV N

-~ ’ - . - ‘BO[IAD T X Y ‘apuqipavSey . ¢ L

A . ] $11-65C "ON "A 'N 0D HISSI ¥ 1344028 ’ "

aer i .




O. REPT NO.

€ .

SHOWING

{

Stady

i
4

-

Experim

: entél‘_
‘Reactance"”
Vol.

i
b

FROM E, ‘C
AIEE Trans.

"An

@d—l‘urn




I. Pollard ”éaléi:laf:‘.bn--bt ﬁdoma& Danperﬁihdﬁyg Loss in Syﬁchronona

N o~ L
, L jai4 i % P 14
3 s 41 i M A
© H - . : . } H -
0‘ ; ; i .ﬁ.ﬁ a5 1 & EANg N
u 7,58 1 f .M ' e 1] 4
I 1AL ] ‘mlu.. i o h T
. 11 1T &.\‘,ﬂ ] t -+
papm T T, f ‘
TIAIGER j 11 7 (¥ "~ 4 J
X 3 R ABAR k) BENES L R0 Eah ) 2 2
| ” &8 w— A 8] 1 @« NT p -
- ¥
e I - i ? " N
N S R
| N : , % qqu& S 18
x ] o 13 AN . .W
; 3 . s
= + , ) T {
! .M_ ¥ mmg » + .. t ]
: RAR wit
- KWL o adut 1213 ; A M
L nn - v - 4 njp » ;n@ m g
g L w ¥ ' o w}ﬂ
5 ; } - [ s k|
s ; ] u_.g .1\0@ L]
: ;”v{t) o 3 L# ! ‘:
Qf=*x Lﬂ Y pdnn
~F - 5 2 Y \
1 B {
: : ; N =y YEnn " :
RN Y Y e i i [EHHEN
h " - . Iy Sl " i
fC W Yo 1 ”....,:mwu - by 81y Bk : T ~ H
V A e NG N R u.m ST 2 I
; Ring § el mat A B R T : < " w.; X7
o VR S DRSS . ¢ o I N g £ -] ! | v BB ] h
M 2 NI Q. by ) : TN R B . )
N > tﬁ ] e T - et Al T f 4 hy
ﬁ a‘iln : ndﬂ,i ¥ HH U«, Mux: r g ] { HﬁT Y TRNR S TN
- ) oy N
0y lw QTN e T f =T rﬂ o TN
- J Y -y \ F y Bt MSRIN WSS A0 1 14
LR | b T - ~ ! ~ i
N o : RS aar A ha 1T T LT T - A
L D ! : B AR STy B | REER BE 1 ™ A
3 i R MM ISR N M faly : LT
< MEPAEIEN R e TR
NE : .
II~ T U N QL
| 3 pEEnt e
e ? - "
0 { i : a } 4
N 1T e
- - - 4
RS e
" -4 - : .all%,‘
fgart d .y i ) v ;
w_ : o HeH T
““.MMH s H "
ST i gt hege RERR
| ST S LA :
: Ty s T ST LT Ly - I f,.,\m PRI }
hacen C T R T T T R e e ‘N\\ i
M e - EeReREREREEE :
. R s FUAE ;
¢ BIASE CON AN T'OD MISSE ¥ V344NN ' : )
1 ,nﬂ H .l\.«
P S = — S P e —

, AIEE Vol. 51, 1932, pp 477-81.

From E.
Machines"




e

.
g ) 1 \
AERAS REESRRNRE nps RERed b ST AT ARAASuN! - !
BN BABRE RS S geEppnm T )
TR 3 pERg hS 1 o 1 !
7 1 h A4 HA3 g T THTE it Ty
T T !
T T T ] duuddhuxgaded - I
-+ -4 ) " - ! - 3 “
O T BEEEs iy T v
1T L 17 1T A Hety 4 Trey ettt 444 Aa
TP AT fhrtdasiiat ; ! _
1 - AT ] SRaRERES R H1-1 H- ~ o 111101 ) SRR NS Hi A ;
T B 89 b LTI . L1171 i
AR A - A 41~ 4 . -1 pans B BRRRY . i
R M ™ : |- 17
.
CITHT 3 BB N E RN
}
T ] < I 1 [Ty ;
49 REA NS 1 e ) B ;
4 H 1 A A
1 - : + ENRRESEy ¥~ ; ) 4 : Y
Y mA N B | W T > 5y
+ 1+ + + A T 1= ‘
7 - - 5 : 43 —
A I : - 11 ey - ‘
: ' + i T ¥ i 1 4 Saaiy dh &) 1
9 : T 3 Eaes _ -t ; RN ST 9
e : t ) M : “I- i + ; _ " . ,
g ] SRR SiiasE :
in S I 0 B T
N‘ T : ' T T HA 1 w-
1 * : N
" T 4
T 5 - ;

o AT

paiuvsdw saull wig ‘youp & au3 03 01 X Q1
Li-89€ 'ON "4 "N ""02 WISSE) ¥ 1344N3Y




74

STATOR

PUNCHINGI. D. --(d) The inside diameter of the stator punchings.

PUNCHING O. D.--(D) The outside diameter of the stator punchings.

CORE LENGTH -({) The overall length of the stator iron. Also record
on this line the solid core length (‘es). The solid length is the over-
all length times the stacking factor (Kj). The stacking factor allows
for the coating on the punchings, the burrs due to slotting, and the

deviations in flatness. Approximate values of K| are given in the

table below.
THICKNESS OF -
LAMINATIONS K-
(INCHES) GAGE i
.014 29 0.92
.018 26 0.93
.025 24 0.95
.028 23 0.97
.063 -- 0.98
. 125 - 0.99

If ventilating ducts are used their length must be subtracted from the
overall length also.

DEPTH BELOW SLOTS x 2--(2h c) The depth of the stator core below the

slots times 2.

211c = D = (d+2hg)

Due to mechanical strength reasons h should never be less than 70%
of hg.
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SLOTS--(Q The number of stator slots. Write Q asa product of poles
(p) times phases (m) times slots per phase per pole (¢). Thus pmq =
Q. In general fractions of q close to 1/3 and 2/3 should be avoided,
because these fractions are inclined toward producing force poles that
cause excessive noise and vibration. In three phase machines frac-
tions of q with thirds or any muitiple of three in the denominator
should be avoided because with these values a balanced winding can-
not be obtained.

SIZE SLOTS--(bS and hs) The width of the stator slot (bs) and the depth of

the stator slot (hs).

CARTER COEFFICIENT-—(KS) The Carter coefficient for the stator slots.

ts(5g+bg) _ ‘
= — P (for open slots)

ts(5g+bs) -bs

t (4. 44g+. T5b )
Ks = 5 (for partially closed slots)
t (4.44g+.T5b )-b_

TYPE WINDING-- Record whether star or delta (Y or /A ), and whether se-

ries or parallel.

THROW--(y) The coil span in slots. Record the percent span (y/mq) and
designate the slots in which the coil is placed (1 + y).
SKEW AND DISTRIBUTION FACTORS--(K sk and K cl) The skew factor (Ksk)

is the ratio of the voltage induced in the coils to the voltage that

sould be induced if there was no skew.
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OR K, =

The distribution factor (K d) is the ratio of the voltage induced in the

coils to the voltage that would be induced if the winding was concen-

trated in a single slot

sin(qo(_ )
_ s/2 . ,
K 4~ qs & (for integral slot machines)

sin(NX m/Z2)
K d - Nsham/2 (for fractional slot machines)

See table 2 in the non-salient pole manual for a compilation of distribu-
tion factors for the various harmonics. See "Grouping of Fractional
Slot Windings" and "Distribution Factor" sections of the non-salient

pole manual for an explanation of K d for fractional slot machines.

CHORD FACTOR—-(Kp) The ratio of the voltage induced in the coil tc the

voltage that would be induced in a full pitched coil.

K = sin(—Y— X 900)
P mq

See Table 1 in the non-salient pole manual for a compilation of the

pitch factors for the various harmonics.




CONDUCTORS PER SLOT--(ng) The actual number of conductors per slot.
For random wound slots use a space factor of 80% to 85% when deter-

mining the permissable number.

TOTAL EFFECTIVE CONDUCTORS——(ne) The actual number of effective

series conductors in the stator winding taking into account the chord
and skew factors but not allowing for the distribution factor.
n = QnstKsk
e C
CONDUCTOR SIZE-- Record the number of strands making up each conduc-
tor and their bare and insulated sizes. Indicate also the type of strand

insulation.

CONDUCTOR AREA--(a_) The actual area of the conductor taking into ac-

count the corner radius on square and rectangular wire. See the fol-

lowing table for typical values of corner radii.

a, = (width of cond:)x(thickness of cond.) - .8581'c2
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Corner Radii
Width Corner | . 858rc2
Thickness 1 751 g up | .187-.750{ Up to. 188
1/64 | .00021

.689 & up 3/16 3/16 -- 1/32 | .00084
.688 - . 439 1/8 _3/32 -- 3/64 | .00189
.438 - .226 3/32 1/16 -- 1/16 | .00335
.225 - . 166 1/16 3/64 3/64 3/32 | .00754
.165 - . 126 1/16 1/32 1/32 1/8 | .0134
.125 - .073 | Rounded 1/32 1/64 3/16 0302

edge ' .
.072 - .051 | Rounded | Rounded 1/64

edge edge
.050 & under| Rounded Rounded Rounded

edge edge edge




Square wire .072 and under has a radius of .012. A rounded edge is

produced by rolling round wire to the specified size.

CURRENT DENSITY--(s) The amperes per square inch of conductor.

o]

_ ph
5= Ga_
C

Q

WINDING CONSTANT-—(CW) The ratio of the RMS line voltage for a full

pitched winding to that which would be introduced in all the conductors

in series if the density were uniform and equal to the maximum value.

L ECle
C

v ﬁ Ephm

Assuming K a> - 955, Cw = .225 C, for three phase delta machines

1

and CW = .390C, for three phase star ones. C1 is the ratio of the

1
maximum fundamental of the field form to the actual maximum of the

field form. For pole heads with more than one radius the field form

is determined from a flux plot of the air gap flux at no load, neglecting

78

saturation, ard C1 is then obtained by Fourier analysis. For pole heads

with only one rad;'ms,C1 is obtained from curve #4. The graphical flux

plotting method of determining C1 is explained in the section titled

"Derivations."

TOTAL FLUX--(GT) The total flux that would exist in the gap if the density

was uniform and equal to the maximum gap density.

g, - B000E10°
T ~ C_n RPM
w e
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GAP AREA-- The area of the gap surface at the stator bore = maé

GAP DENSITY--(Bg) The maximum flux density in the air gap.

g
B = _'l_‘_.
€ Ta{
POLE CONSTANT--(Cp) The ratio of the average to the maximum value of
the field form. For pole heads with more tha: one radius Cp is calcu-

lated from the same field form that was used to determine Cl’ and this

method is described in the second part of the manual. For pole heads

with only one radius Cn is obtained from curve #4. Note the correction

~©

factor at the top of the curve.
FLUX PER POLE——(¢p) The total flux per pole.

o - 1%

p p

TOOTH PITCH--(tS and ts% ) The stator slot pitch on the inside stator bore,

and the stator slot pitch at a distance a third of the way up the tooth.

rd d+2n)
t = — ‘ t 1/3 = 3 s
[ Q S Q

TOOTH DENSITY-—(Bt) The flux density in the stator tooth at 1/3 of the
distance from the minimum section.
¢T

B =
Qesbt 1/3

t

where bt1/3 = tsl/3 - bS
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CORE DENSITY-—(BC) The flux density in the stator core.

%

B, = 55—
c thes

GRADE OF IRON-- Alloy identification and lamination thickness of stator

iron.

1/2 MEAN TURN--(f t) The average length of one conductor.
€y =4+1g

where L., = the end extension length

E

For random wound coils

Kt Try(d+h )
L, =.5+ S
E Q
where Kt = constant depending on the number of poles
Kt = 1.3 for 2 poles; 1.5 for 4 poles; and 1. 7 for 6 poles and

up

For formed coils

h

— 1 ad:
Lg = 2€e2+7r(_2_+db>+yhte "J’ S
where d, = diameter of bender pin T e /\

t
h,, = is obtained from the 8 bie
diagram as shown l
< e2 = straight part of the

coil extension beyond
the core
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0
RESISTANCE PER PHASE AT --(Rph) The resistance per phase calcu-

lated at the expected coil temperature.

_ 7R 000 235 +x°%c__ "%

R. =
Ph 12000 C%m 260 ma _C?
where O = resistivity at x°C = .91x 106 100°c

RIOOO = resistance per 1000 ft. of conductor at 25°C
X°C = expected coil temperature in °C

EDDY FACTOR TOP-- The eddy factor of the top coil. Calculate this value
at the expected operating temperature of the machine.

EF Top = 1 +[ 584 +(ﬂ;te\21§;-§-§[h5t—nsf?—c] 2
) L\ st/ "ML b f |

1
wherelo =j) X 106
N st = number of strands per conductor in depth

]

hs t = distance between centerline of strands in depth

hst = height of uninsulated strand

EDDY FACTOR BOTTOM-- The eddy factor of the bottom coil at the ex-
pected operating temperature of the machine. Use same equation as
E. F. top except use .0833 in place of . 584.

DEMAGNETIZING FAC TOR--(CM and Cq) The ratio of the field ampere

turns to the maximum sine wave stator ampere turns required to force



the same fundamental flux across the gap. The demagnetizing factor
in the direct axis is

Cc. = oc T + sinoCTr
M

The above factors can be read directly from curve #9 and calculation

by the above formulas is thus unnecessary.

AMPERE CONDUCTORS PER INCH--(A) The effective ampere conductors

per inch of stator periphery. This factor indicates the "specific load-

ing" of the machine. Its value will increase with the rating and size
of the machine and also will increase with the number of poles. It
will decrease with increases in voltage or frequency. A is generally
higher in single phase machines than in polyphase ones.

I.nK

_ phs'p
A = C_ts_

REACTANCE FACTOR--(X) The reactance factor is the quantity by which
the specific permeance must be multiplied to give percent reactance

It is the percent reactance for unit specific permeance, or the per-

cent of normal voltage induced by a fundamental flux per pole per inch
numerically equal to the fundamental armature ampere turns at rated

current. Specific permeance is defined as the average flux per pole
per inch of core length produced by unit ampere turns per pole.

100AK d

X = T——
2ClBg
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CONDUCTOR PERMEANCE--()\i) The specific permeance for the portion

of the stator current that is embedded in the iron. This permeance
depends upon the configuration of the slot.

(a) For open slots.

2
20 [“2 hy b '35"{' b, = tooth width

. = — |ty + + t
i X mq bs 3bs 16tsg ts at gap

(b) For partially closed slots with constant slot width.

2
. -c ﬂ[;h—o" 2h, +h—w hy by +.351%}
i b

+ +
Xmaq|b, "B +b. b "3 "Tetg
{c} For partially closed slots with constant tooth width.
I"';. a1, D3N w 1. 2 o_|:1__1
)\ C -g-o— :1—- au.t \ auw . ::1'— N Ut s . OdUt
i Xmqg| b b + b1 b1+ b2 3b2 16tsg tS

(e) For open slots with a winding of one conductor per slot.

1
c ———)
X
h, & t ( KiKi
At = Cx e é*#*-“‘z‘f‘*f
maj bg s s g (]%(=1)

In all of the above formulas C

X
upon the pitch and distribution of the winding.
Cy = 1% where K, = %(%l + l)for 3 phase
p d

= L
Kx mg for 2 phase

is a reduction factor that is dependent
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(a) Open Slots (b) Constant Slot Width
—= b,
e -
! ho.

e 3 ) ity

hy  hy
{ .

i

h

| |

(c) Constant Tooth Width (d) Round Slots

84
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Values of CX versus percent pitch for three phase windings are plotted

on Graph #1. These values assume a distribution factor of . 955. See
Graph #1.

END WINDING PERMEANCE--( A\ E) The specific permeance for the end

extension portion of the stator winding.

N\ . 6.28 [¢ELE] K
E ¢ 2L E
d
(Obtain the value of ¢ELE from Graph #1

K. = — Calculated valve of LE

E = Value of L from Graph #1

KE:

1 Calculated value of LE

Value of Ly, from Graph #1 (for machines of d < 8")

LEAKAGE REACTANCE--(X¥) The leakage reactance of the stator for

steady state conditions
Xg =X+ Ap)

In the case of two phase machines a component due to belt leakage
must be included in the stator leakage reactance. This component is
due to the harmonics caused by the concentration of the MMF into a

small number of phase belts per pole and is negligible for three phase

machines.
.1d | sin 3 x 90°
Ao = ma
B Pg, Kp
Xe =X(}\i+ )\E+ )\B) Where)\b = 0 for 3 phase machines.




AIR GAP PERMEANCE--( )\a) The specific permeance of the air gap.

REACTANCE OF ARMATURE REACTION--(Xa d and Xaq) The "fictituous
reactance" due to armature reaction. In the direct axis

X.a = X2 ,C 0y

and in the quadrature axis

Xaq = XCo Xy

-~ o~ bbb ~ e
. of the stator copper.

#=.321nQ ¥
S C L

WEIGHT OF IRON-- The weight in lIbs. of the stator iron.

# - .238 [bthe (b + T7(D-b )he es]

86
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ROTOR

SINGLE GAP--(g) The single air gap. Also record the effective air gap (ge)
g, = Kg
ROTOR DIAMETER——(dr) The outside diameter of the rotor.

dr=d-2g

PERIPHERAL SPEED—-(V!_) The velocity of the rotor surface in feet per

minute.
7 d_RPM
Ve s 13—
POLE PITCH--(tp) The pole pitch measured at the inside diameter of the
stator.
t = 1_T_d
p p

Also record the ratio of the pole arc to the pole pitch ().

a =

'U"l :10‘

POLE AREA--(ap) The effective cross sectional area of the pole.

- K.
3, = bk

Values of Ki are obtained from chart in Stator Section.



SIDE LEAKAGE--(A_p) The side leakage permeance of the field. The unit

for this factor is flux per pole per inch of core length for unit ampere
turns.

h,+t (1 - 10/p)
B /10
Rel ~ [m p(sr'm’h" I:@'Ep]

END LEAKAGE--( A el ) The end leakage permeance of the field.

2(£ -€)+h+ .25b
>~e€ = ‘j - 2 ;J

TIP LEAKAGE--( )\ t e) The tip leakage permeance of the field.

Ao - [2(11 +g-t /18)“

LEAKAGE FLUX--(@.¢) The total field leakage flux.

dg = 6.38 (A g+ )\e€+)‘t€) (Fg+Fs)_ep

Record also the total flux per pole in the rotor

¢pt = ¢p + de

POLE DENSITY--(BP) The apparent flux density at the base of the pole.

B:.ZEE
P %

No provision is made in this manual for calculating the density in the

spider section. It is therefore important to remember not to restrict

the flux area through this section.
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GRADE OF IRON-- Alloy and thickness of rotor iron laminations.
NUMBER OF DAMPER BARS--(nb) The number of damper bars per pole.

BAR SIZE-- The size of the damper bars.

BAR PITCH--(t,) The damper bar pitch. This is the distance between the
centerlines of adjacent damper - |
bars. Also indicate the height

of the slot opening above the
damper bar (hbo) and the width

 of this opening (bbo)‘

TURNS PER POLE--Np) The number of field turns per pole.

CONDUCTOR SIZE-- The bare and insulated sizes of the field conductors.
Also indicaie ihe type oi sirand insulation.
CONDUCTOR AREA——(acr) The actual area of the conductor taking into

account the corner radius. See stator area of conductor for typical

corner radii values.

a, . = (cond. width x cond. thick. - .858rc2)

MEAN TURN--(€ {y) The mean length of the field turns. This value can be
estimated from a layout of the field winding or from data on a previous
machine.

o
RESISTANCE AT___ --(R) The resistance of the field winding at the ex-

pected operating temperature.

N P
Rf =P _P.a__{_g whereﬂ = .91x10'6@ 100°C
cr



WEIGHT OF COPPER-- The weight in Ibs. of the field winding.

#= 321N, Py, 2,

WEIGHT OF IRON-- The weight in 1bs. of the rotor iron exclusive of the
shaft.

% LOAD-- Space is provided for field voltage and current values at three
load conditions. These loads will preferably be taken as no load,
rated load, and guaranteed overload (usually 5 minutes).

FIELD AMPS—-(If) The field current at the various load conditions.
FIELD VOLTS—-(Ef) The field voltage drop across the collector rings at
the various load and temperature conditions.

AMPS. /SQ. IN. -- The current density of the field copper at the various
load conditions.

FIELD LEAKAGE REACTANCE——(XF) The effective leakage reactance of

the field winding.
X -x 1. W
F ad 2C 0 + 4x F
MAa

2F - AFS Y AFE

OFS ~ 4.25 (’\st +1.5 )tc)

AFE ~ 6.38 st
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FIELD SELF INDUCTANCE--(Lt) The total self inductance of the field wind-

558 [e, Faue

DAMPER LEAKAGE RE:ACTANCE-—(XDd and xDq) The leakage reactance

ing.

of the damper winding. In the direct axis the dimensions corresponding
to the end bar next to the pole tip are used.

For rectangular square damper bars

Ab 638(hb° Ebil——+ 5)

3By
Apt = 638 meb- ) ] [ ™o
By
cos (nb-l)tbﬂ} (Ap*Apd AF b
a2 2t 2ot AptTAF _
| bbl I
 SUED SV

In the quadrature axis the dimensions corresponding to the bar in the
center of the pole is used.

For rectangular square bars
208, By | By
/\Dq>.tr [Bbo+-§q11+.5+-§-]
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For romd damper bars use the constant 0. 67 in place of hbl/mbl in

the above formulas.

REACTANCES AND TME CONSTANTS

SYNCHRONOUS REACTANCE--(X d and X q) The steady state short circuit

reactance. In the direct axis

Xd=X{ +Xad
and in the quadrature axis
=X¢ +X
Xq = %L %y

UNSATURATED TRANSIENT REACTANCE--(X du) The transient reactiance

due to the field winding assuming unsaturated conditions.

t
X

du=X{ +X

F

]
SATURATED TRANSIENT REACTANCE--(X d) The transient reactance due

to the field winding assuming normally saturated conditions.

]

- .88X.

X4 du

” ?
SUBTRANSIENT REACTANCE--(X; and X ;) The subtransient reactance due

to the damper winding. In the direct axis

14)
Xd = x{ +xm

and in the quadrature axis

X, = X{ +Xp




93
If the machine does not have a damper winding

" ]
Xa =X
X =X

qa q

NEGATIVE SEQUENCE REACTANCE--%) The reactance due to the field

which rotates at synchronous speed in a direction opposite to that of
the rotor.

X, = .so(;+x;)

ZERO SEQUENCE REACTANCE--(XO) The reactance drop across any one

phase (star connected) for unit current in each of the phases. The

machine must be star connected for otherwise no zero sequence cur-

rent can flow and the term then has no significance.

l%lo( 20(h +2h)

=X | =2 ) 2

Kx At Ao * 1zmq?P Tt AR
! _KXo

ABo - K ADq

Kxo
ABWO = T (.07 \,)
Y

for machines with damper windings

/\Bo ABWo
(/\Bo) (/\BWO)




and for machines without damper windings

ABo - ABWo
and

=3y _

KXO mq 2

Ky =<%1 +i-) for pitches of 66 2/3% to 100%

Ky =(2T3.% -%) for pitches of 33 1/3% to 66 2/3%
for a one conductor per slot winding

Kgo = Ex <1

OPEN CIRCUIT TIME CONS’I‘AN'I‘--('I'('i 0) The time constant of the field

winding with the stator open circuited and with negligible external re-
sistance and inductance in the field circuit.

ARMATURE TIME CONSTANT-—(Ta) The time constant of the DC component.

)

Ta = @) (100 fra) seconds

r
a

_ Stator I R(KW)
= “ledEVA

TRANSIENT TIME CONSTANT--(T ;) The time constant of the transient re-

actance component of the alternating wave.
?

.
Ta"x T



SUBTRANSIENT TIME CO}BTANT--(T;) The time constant of the sub-

transient component of the alternating wave. This value has been
determined empirically from tests on large machines and

L4

Td = .085 second at 60 cy_cles.

”

d

T .005 second at 400 cycles.

SATURATION

AIR GAP AMPERE TURNS--(Fg) The field ampere turns per pole required

to force the flux across the air gap when operating at no load with
rated voltage.

STATOR AMPERE TURNS--(FS) The ampere turns per pole required to

force the flux through the stator iron when operating at no load with
rated voltage.

Fs = FT+FC

FT is the ampere turns per pole for the teeth. It is calculated as the

product of h8 and the NI per inch at a density of Bt'

Fe

uuteaawthepmauctafl:ﬂ%‘—"ﬁl and the NI per inch at a density of
p

is the ampere turns per pole required for the core. It is calcu-

Be-




:
' * 96

Use sat curves from USS Electrical Steel Sheets’Manual.

POLE AMPERE TURNS-—(FR) The ampere turns pe; pole required to force

|

i

i the flux through the pole and spider at no load rated voltage. In general

| the spider density is kept fairly low and its ampere turns can be neglect-
ed. The no load pole ampere turns per pole are calculated as the product °

of (hf + hh) times the NI per inch at the density Bp.

Use sat curves from USS Steel Sheets Manual.

NO LOAD AMPERE TURNS--(FNL) The total ampere turns per pole required
to produce rated voltage at no load.

FNL = (Fg + Fs + FR)

RATED LOAD AMPERE TURNS--(FFL) The total ampere turns per pole re-
quired to produce rated voltage at rated load. The values of X & Xa &

X q etc. in the following calculations must be expressed in per unit.

F Fg+(1+c°s°)FT+Fe+FPL

FL ~ ©d

sin@ + X
Tan }0= 4
cos 0

€= p-o
eq = €08 E—+dein}1/
Gpr = 9o Ed' .93xadsmﬂ

e, F +(1+cosQF. . +F
aff:(‘frd Lﬁ;fﬁr+i§1‘ :

Gt = 9pL* 9Lt




It
BPL a
P
Fp1, is then calculated as the product of (hf + hh) times the NI/inch at
the density BPL

OVERLOAD AMPERE TURI’B--(FOL) The total ampere turns per pole re-

quired to produce rated voltage at the overload condition of operation.
This is determined in the same manner as described in FFL by using

the proper per unit values for X & Xa & Xq, etc.

SHORT CIRCUIT AMPERE TURNS-—(FSC) The field ampere turns required
to circuiaie i'ated stator current when the stator is short circuited.

Xd in per unit

FSC =X d Fg

SHORT CIRCUIT RATIO--(SCR) The ratio of the field current required to
produce rated voltage on open circuit to the field current required to
produce rated current on short circuit. Since the voltage regulation
depends on the leakage reactance and the armature reaction, it is
closely related to the current which the machine produces under short
circuit conditions, and therefore is directly related to the SCR.

F
SCR='F-N'£
Sc
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LOSSES AND EFFICIENCY

PERCENT LOAD-- Space is provided for three conditions of loading and
these are preferably taken as no load, full rated load, and overload.

FRICTION AND WINDAGE--(F & W) There is no known calculation method
that will give reasonable accuracy for this loss, and so data from a
previous machine will have to be used. For ratioing purposes the loss
can be assumed to vary approximately as the 5/2 power of the rotor
diameter and as the 3/2 power of the RPM.

STATOR TEETH--(WTNL, WTFL’ WTOL) The no load loss (W TNL) con-
sists of eddy current and hysteresis losses in the iron. For a given

frequency the no load tooth loss will vary as the square of the flux
density.

WonL = - 493 (g 1/3 ~ b)) Qf by Kq

K. = Watts per pound loss from USS Electrical Steel

Q Sheets Manual at a density Bt‘

The stator tooth loss under load (W TFL & W is increased because

TOL)
of the parasitic fluxes caused by the ripple due to the rotor damper bar

slot openings.

_ 1.8 , .
WTFL = E(. 27 Xd) +1 WTNL’ (Xd in per unit)

For W'I‘OL use X d corresponding to the overload condition.

STATOR CORE--(W c) The stator core losses are due to eddy currents and

hysteresis and do not change under load conditions. For a given fre-
quency the core loss will vary as the square of the flux density.
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WC = 1.42(D - hc) hcszQ

KQ = Watts per pound loss from USS Electrical Steel

Sheets Manual at a density of Bc.

POLE FACE--(WPNL, WPFL’ WPOL) The pole surface losses are due to

the slot ripple caused by the stator slots. They depend upon the width
of the stator slot opening, the air gap, and the stator slot ripple fre-

quency. The no load pole face loss (WPNL) is calculated from Graph

#2. Graph #2 is plotted on the
basis of open slots and thus Bs on the curve equals bo for partially

closed ones. The pole face loss under load (WPFL’ WPOL) is calcu-
lated as

Mg 1 o\2 1
_ sc 'ph s
WpFL ~ L(" C _Fg—) * 1_] WVeNL

K is obtained from Graph #3. (Page 96 non-salient pole
manual.)

For WPOL use Iph corresponding to the overload phase current.

DAMPER-- W. WDOL) The loss produced by the slot ripple in

(WDNL’ DFL’
the damper winding. At no load this loss is calculated from curves #7

and #8. The damper loss
under load (WDFL’ and WDOL) for polyphase machines is calculated
as
2
K I.n
_ sc ph's
WprL * ( —¢ %g ) +11 Wpni

Ks c is obtained from Graph #3.
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For WDOL use Iph corresponding to the overload phase current.

STATOR 12 R-- The copper loss based on the DC resistance of the winding.
Calculate for the maximum expected operating temperature.

12R=mI2 R

ph ph

EDDY-- The stator I° R loss due to skin effect.

_ Eddy Lone - |:(Eddy Factor Top E Eddy Factor Bottom) _ :l Stator IzR

ROTOR 12 R-- The copper loss in the field winding.

12R=1‘f“Rf

SUM OF THE LOSSES-- The total losses at thg various loads.
RATING-- The kilowatt rating of the generator.

RATING + LOSS-- The sum of the total losses and the KW rating.
PERCENT LOSS-- The total loss divided by the rating plus total loss.
PERCENT EFFICIENCY-- (100% - % loss)

STATOR WATTS/SQ. IN. -- The stator watts loss per sq. in. of stator peri-

phery.

2 _ Stator (Tooth Loss + Core Loss + IzR + Eddy Loss)
Watts/i.n = m :

ROTOR WATTS/SQ. IN. -- The rotor watts loss per sq. in. of rotor periphery.

Watts /mz _ Pole Face Loss + Damper Loss + Rotor 12R
T fp
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DIRECT AXIS COMPONENT OF ARMATURE REACTION

When the air gap under the pole is constant the field produced by the direct
axis armature reaction MMF wave A will have the approximate shape B in-
sofar as its reaction on the field pole is concerned. Since this MMF pro-
duces very little demagnetizing effect in the interpolar region it is sufficient
to consider only the fundamental of the effective part of the MMF curve (the
part which lies under the pole). The amplitude of this fundamental is given
by the equation -

1027
A, == f(x) sinxdx
1
70
Ii the ratio of the pole arc to the pole pitch is designated as o< then
1 - “
fx) = X = X = m

i(x) = FM smxffom (—1—'25)1“0 (l—'-;—c—)‘n‘HxTE': (1 +oc)—72r—

f(X) = OfrOm(l_;.fﬂ> tOTr"'(l -oC ).n.
(@) = Fpgg sinx from T +{L35)T 0T+ (L)
I-HX)JZT_ TT+(1+«)12T_
A, =% Fmsinzidx+ - FDMszxdx
(1 '“)‘12r' T+l X )
/Si.nzxdx =%x_%sin2x
. T =
1+ Me(1+e
A —ll_m(lx-lsmzx) v )-2—+(IX-lsin2x w )T
1 (@71 F%-3

(1 -} T+(1 -}
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F
Al = % El-l—d)l{-r—%sin(‘lr+dr)-(l-¢)1‘r-+1l—sin(‘ﬂ'- a(ﬂ)+-?— +(1+¢)—1{—
-3 sin(2%moucn) - - (1) ] + S sm@mem-am]

sin (x +y) = sinxcosy +cos xsiny
sin (T+dA) = - shxW

sin (37+dm) = - sinaCT"

sin (T-a«MN) = + sin &« 1

sin (3M-a« ) = + sina™

DM | T ac1T
A1 =—,n,-—[ +T sinatTT--E +—T— ZsindTT+-7+—11—T+-T+

The amplitude of the fundamental of the field MMF will be

1 (1+¢)—T2[ /'IT+(1+~'JC)—1‘.?.I
A1f=1_'|'_/( x)_g_ Nflfsinxdx+ T Nflfsinxdx

1- m+ (l-d)—z—
Nflf (1+cc)—£—r m+ (1 +cc)—12':
Alf =—1r—' (— cos X) +(- cO8 X)
118
Q-x<)5 - T (1 -ac)J{_

o oo



QUADRATURE AXIS COMPONENT OF ARMATURE REACTION

For all practical purposes the armature MMF in the quadrature axis will

have the shape indicated insofar as its reaction on the field is concerned. K
the assumption (justified by practice) is made that the magnitude of the con-
stant part over the interpolar space is equal to 1/8 F__,, the fundamental of

this wave will then be found by the equation

27

Al -1-}-_ 1(x) cos xdx

1
1(x) =§mer0my =0tox = (1 _x)_f{_
- mr r
f(x) = Frug 08 X from (1 -} to (1 +oc )5
ikx) = _%FM from (1 +a:)-’2'ltofr+ (1 _1)127'_

fx) = F

mcosxfrom‘rT+(1 -c':)-%r-toﬂ'+(1 +cc)—12-r

f(x) = %FDM from T+ (1 +e<)7F- to 277

ﬁ/(l =)}y l/(“"‘)'%

—rcosxdx+
(1 -

m+(1 -a:)g— F m+(1 +°C)-12-T
Al =| - 71-1./ —é—‘—‘cosxdx +1lr/ FI!( coszxdx
m+(1 -a-)g

2
cos xdx
m




cos (xX+y) =cosxcosy-sinxsiny
cos(F + T - -sn Ty
on (o + ) - - o T
con ( - T - s T
c08(31r Trec

—r):sm%‘—

e ol N

1t I:sin LIRS +sin——2—+sin——2——+sin—2—— = —(4sin15‘£)

The demagnetizing factor in the direct axis is found by equating Al and

A
“1f
F
—fl- ( —2—) = ﬂ(a:ﬂ# sin <1T)
Fom T
NI = — M (< s sinam)}—21— = Cvm FoMm
f T
4 Sm—r
where CM xT+sincc T

48111-——2'—

Although this derivation has been based on the assumption that the air
gap under the pole is constant, the formula is much more accurate than
might appear. The formula has been checked by flux plots over a wide range
of pole shapes from 4 to 88 poles and found to be reasonably accurate.
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1T+(|-oc)“/ﬁ

1T+(l+oc)"/2

2m
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/cosxdx = sin x
2 1 1
]cos xdx —§x+zsin2x

™ M-  meq .a:ﬂ{. 2

F (1 +e} L M+ (1 +
+ 12_M (-21—x+-‘1ism2x) )—2_ (%‘-x+i—'sin2x) )%
(1 -a:)lg- m+ (1 -oc)Jzt
F
__DM m T 3 Trec m . 1Ir
AL =BT j‘“(\?“—z—)‘sm(\z ‘—2—)“‘“‘( +—2°£)'

+£CILT _4]_‘ sin (TT-ocT) +—341 +%1-T— +%sin (3T +ccT)
31T

EALAE: L % sin (3T|'-ccﬂ__)J

sinx +y) = sinxcosy +cos x siny
sin(x -y) = sinxcosy -cosxsiny '

sn(F -T5)- con T o3 -TF) - e T
olfTE)- w B (i I

sin (M+aM) = - sinax ™ sin (TM-xf) = sinec T

]

sin (3 M+ axM) = - sinacTr sin (3TM-«N) = sinac™
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m‘ Tec Mec T e T ml ac
A1=«—§T—r- cos-2——+cos-T +cosT+cos_T. + :¥+_F

B N

+_¢_.41_T_ - sin%uj

F F ) 3
Al = -2.%((:03 Lrg'—) + 1.?’(“211'— sinafr) = %(% Coslr‘g—*‘ﬁﬂ' sinocﬂ'»

The amplitude of the fundamental of the field MMF was derived in the
determination of CM and

Nfl o Tt
=

A1f = — 4si.n—2——

The demagnetizing factor in the quadrature axis is found by equating

Al and Alf

NI F
f, T . M(1_ Ta _ )
T 4smT = ¥ (2 cos Lg= +C - sinac T

1 T
Nflf=F 7 cos—T + 1T - sinac Tl _
DM = FDM Cq

MTecC
4sin—2—

where
% cos 1T_§_C_ +ocT- sinec 1T

1 4sin-1-r-z°—§

C
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VECTOR DWMAND CALCULATION OF LOAD

EXCITATION OF A SALIENT POLE GENERATOR

The vector diagram for a salient pole generator is as shown. OA is the
terminal voltage Eph and OB is the phase current I oh drawn at the proper

power factor angle 0. AC is the effective resistance drop Iph Ty and CD is
the leakage reactance drop I oh X ¢ . The stator current is divided into a
direct axis component I d and a quadrature axis coml;onerl: Iq, and I 4 Xa d
will thus be the voltage induced in the stator by the direct axis flux dq and
I_X__ will be the voltage induced in the stator by the cross flux dq' The

qa aq
voltage Iq Xaq will be in quadrature with ¢q and it is represented by DE.

Likewise, the voltagel d Xa d will be in quadrature with ¢ d and it is repre-

sented by EF. The voltage OF is the voltage that would exist at no load with

109

excitation corresponding to rated load, neglecting saturation, and this voltage

is represented by the symbol e d

Consider the triangle OI q B and

1 I
d d _
sin¢=_.B=_Ipll 29 Iphs_in,lv

The triangles Olq B and DEG are similar because EG is perpendicular to

1, B, GD is perpendicular to BO, and DE is perpendicular to orq. Thus

angle O is equal to angle D. Also, triangles DEG and HFG are similar
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because DE is parallel to HF, EG is concentric with FG, and GD is concen-
tric with GH, and therefore angle D and angle H are equal. From a similar
triangle relationship the angle A of triangle AMC is also equal to ’& :

From triangle DHN

I

_pn _ 1%

Si“)l'-ﬁﬁ-—w
Ifaa 1%

DH = =1 X

sin ¢ id /Iph phad

CH = Iphxad + Iphxt = Ipth

Cd = KF CHsin}l/ I X sm,l/
0L=0Acos€=Ephcos€
AM = LK = 1,1 cos,l;

Thus the nominal voltage e d is derived as

ed OL + LK + KF

eq Ephcos€ +Iph (re cos% +dein,ll)

In the per unit system of notation Eph and Iph are unity at rated load condi-

tions and if resistance is neglected the nominal voltage equation becomes

eq = cos € +deinf/

111
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From triangle DEG

_ aq
°°s}l' m"—“m
g aq Iarq
DG = = =1.X
cosgf Iq/iph ph aq

CG =CD +DG = Iphxﬂ + Iphxaq = Iphxq

Therefore, if resistance is again neglected the angles ¢ and &}: can be deter-
mined by

I1.X +E , sin@ Xq+sin0

PG h'q h
Tan yl =z =2 P =
) oP E_, cos© cos @
ph
When ioad is appiied io ithe generator the flux wave shape will be distorted

and the wave form under load will be less effective in generating voltage than
the no load wave form. The reason for this is that the fundamental of the
wave form under load is relatively less than that of the no load form for an
equal total flux per pole under each condition. Therefore the flux per pole
under load conditions will be greater than that required at no load, and the
flux per pole under load is

¢PL =¢p |:ed- .93Xadsinﬂ

The leakage flux under load will also increase and

e,F +(1+cos@)F_ .+ F
ott -0 |
g YT C

The total flux per pole in the rotor thus becomes

Gote = YLt



and the density of the pole under load is

¢!
BPL= ap{

The total ampere turns per pole under load can thus be calculated as

Fp, = eafg

SINGLE PHASE CALCULATIONS

F +(1+cosO)lt-‘,1,+l=‘c+Fl:,L
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When two phases of a normal three phase generator are used for single phase

operation the machine reactances are first calculated on the basis of a three

phase machine and the single phase reactances then become:

X_,(30)
d
xad(lq) = __a_:;___
X ,(30) + X,(30)
X 4(19) = a*® ;
X_(30) + X,(30)
_q
x_(19) 3
. X, (39) + X,(30)
d
X.(19) =
{19 3
X (30) + X,(30)
d
X .(19) =
"19)

The negative sequence component of the éingle phase armature reaction wave

will induce large currents in the damper winding and this will cause high
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damper losses under load conditions. Until further experience is accumulated
it is not felt advisable to exceed current densities of 10,000 amps/sq. in. in
the damper bars under normal load conditions when the current is calculated
in the following manner.

X (3 phase)] F
Neg. Seq. A.T. =[ ad g

5 .

_ (m)(Neg. Seq. A.T.)
per bar =
"Rus (72) (o + 1)




WOUND-POLE NON-SALIENT POLE GENERATOR




NON-SALIENT POLE SYNCHRONCUS NESIGN SHEET
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STATOR ROTCOR S1LOTS

Bore Punchings Total Air Cap
Core Length Rotor Diameter
DBS x 2 Peripheral Speed
Frame Bore Slots Punched
Slots Slots Wound o
Size Slots Size Slots

Tooth Pitch

rade of Iron Carter Coeff. Sta.

rypa'!ﬂndins length Carter Coeff. Rot. -
Skew-DTSE.Fack. r Effective O
Chord Factor Cond, per Slot
Cond. per Slot Turns per Pole SATURATION
Cond, Sisze Area Cond. Stator A'E‘ ‘
Area of Cond. Mean Turn Rotor A .1'. *
Current Density Res. at d No loa d. A:‘l‘.

Rated Load A.T.

Winding Constant
Total Flux

Lrea of Gap

Air Gap Density

Flux in Pole Center
Leakage Flux

Center Section Density
Core Density

Overload A.T.
Short Circuit ETT—"'

— |Short Circuit Ratio

Pole Constant .
Tiux per Pols f mL:d 10SSES - EFFICIENCY
Tooth Pitch *°R;I 2 % Load
Tooth Density mps/in F&W
Core Density Fisld Leakage React.X, Sta, Teeth
Grade of Iron Field Sellf(‘.%nduct "— |sta. Core
1/2 Mean Turn amper Leak. Reactuxpy_ ;;i;e zaca
Res. per PH at 7 ﬁ. of Copper Sta. IR 1
Eddy Factor Top . of Iron Eddy '
Eddy Factor Bottom 2

d — REACT.-TIME CONSTANT Rot. IR
Demag. Pactor '
Demag. A.T. 2 Losses
Amp.Cond, per In. Synchronous Rating

- nsat. Trans,

Reactance Factor X Sat. Trans. {Rtg. & Loss
Cond.Perm. ) i Subtransient { Loss
End Pem. AE eg. Squncg % Eff,
3ak;e geact. ero Sequence Stator Watt per In.<

r Uap rerm. \q otier Rot .
Resct. of Arm otor Watts per In

Reaction ™=, Time Condt. —
Wt. of Copper Trans. Time Cdnst,

o of Iron -
WO MODEL NC, TYPE COOLING

KVA % PP VOLTS AMPS ) PUASE

R°M

DESIGN ENGINEFR
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TABLE 2 -VALUES oF Kdnron INTEGRAL SLoT 3¢ WINDINGS
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Ky, ~ HARMONIC DISTRI8uUTIoN FACTORS

h
4= 2 3 4 s 6 7 & 9 10 O
| 66| 960 .958 .51 .9s7 9571 956 | .9ss| .955 q55
3 707 667 454 646 444 €92 .64 .é4o| -639 .636
5 .259 .27 . 208 .20 . M7 195 94 . 194 .93 A91
7 -.259}) - 4N asgl - .aq]| - .145| - 143 ~ 141 | - . 190 ~.1490]| — .136
9 - . 707 | - .333 alo) ~ . 2471) ~.236| - .229| —-.225| - 222} - .220| - .212
t -.966 | - 177 1z6] -~ .ol — .r02| - 097 —.095| ~ o093| -.092| - 087
13 - .96 .217 .26 . 102 . 092 . 086 .083 .081 .079 073
IS | - .77 .667 .270 . 200 T2 .158 . 150 .45 127
7 | - .259 .%o .158 102 .084 .075 .070 066 064 .056
19 259 960 205| - .1no| - .oga| - .o7a| ~ .066| - o062 | ~ .0b0| - o057
21 T07 . 667 ésal -~ 2a2| - .172] - .143] —.127 | - g | - /12| —~ o
23 966 .27 95| - .149| - .092| - .072| — 063 | -~ .057| — 054 | - .04
25 G66 | - 77 . 958 200 102 .07s . 063 056 .052 .038
27 707 | — 333 454 .646 .23 . 158 127 At .ot .o
29 259 - 177 . 205 .9s7 145 086 . 066 . 056 . 050 033
2 - .259 2:7 152 9521 - 1971 _ . 09721 - o072} - .057] - ,050| — .031 |
33 - .709 .667 .270 696 | - 694 ~. 229 |- 1S0o 1 - . n8 | — ol | - .058
35 | - .966 . 960 426 00| -.957| -.143| -.083 | -.062| - 052 | - .027
37 ~ .966 .90 a26 | - .49 | - .957 195 .095 . 066 . 654 .026
39 - .707 .667 270 | - .247| - .6494 .642 .225 .145 1Ha . 099
91 ~ . 259 a7 158 - .0 | ~- .97 957 | 4 081 | ~.060 .623
43 259 |~ 177 .205 , 102 . 195 957 | - .194| -.093| - .064| —.022
4s 707 | -~ .333 .54 . 200 .236 692 -~ 41| - .222| =~ 191 | — .02
47 H66 | —. 177 958 .12 .10z 195 | -.956 | ~.190} - .079 | — .02
49 966 L2117 9581 ~ .10} - .092| -.143 | ~ 956 .194 092 . 019
St .J07 667 654 - 247 72| - 229 | ~ .69 .640 .220 .038
53 -259 .960 .208 | -.199 | -.084| - 097 | - .94 955 -140 .018
5§ |~ . 25¢ .90 .158 . 200 .084 . 086 141 956 | - .193 | —.o017
57 ~ 707 667 ,270 .64¢ 72 . 158 . 225 .690) -.639| -.033
59 ~.966 .27 . 126 957 .092| .o75 .095 194 - 955 | —.016
é1 - .%6 | - .17 .126 9sy| - .102| -.072 | -~ 083| - .140 -.958 . 016
{3 - .77 | ~.333 .270 éa6l - .236| - .143| -.150| ~ .222| -~ .69 .030
6s | ~.259 | ~ .77 1sg| .20 -.14s| - .072| ~ 070 | - 093] - .I93 .o1§
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Sz | Bage AREA /1000 | Sincte | HEAVY | Singie Genss| BARE W | Sincie GLass | Dovsie Geass
AWG |Diamerer] 0" @25°C |Foemwr | Foamvar| Foemvar | “/1000' | Swicoue SiLiconE
36 .0050 |.0000196 424 . 0056 | .0060 .0757
35 | .0056 |.0000246| 338 .0042 | . 0066 .0949
34 | .0063 |.00003i2 266 .0070 | .0074 L1201
33 | .oo71 [.0000396| 210 |.00719 |.008% L1526
32 | . 0080 |.0000503 165 .0088 | .00%4 ol . 1937
31 | .0089 |.0000622 134 .0097 | .0104 0130 .2398
30 | .0100 |.0000785 | 106 .0108 | .o116 o142 .3025 0132 .0152
29 | .0113 | .000100 831 o122 |.0130 0156 . 3866 0145 .0165
28 | .0126 |.000125] 66.4 .0135 | .O14Y4 0169 .4806 0158 .0178
27 | .0142 | .000158 526 L0152 | . 0161 0186 . 610} 0174 . 0194
26 | .0159 | .000199 Y17 .0169 | .0179 0203 .7650 0191 L0211
25 | . 0179 000252 330 |{.0:190 | .0200 0224 970 o2t -023;
24 | .0201 | .0003:17 26.2 o3 | .0223 0263 1223 0251 .0276
23 | .0226 | .000401 | 207 0238 | .024¢ | .0289 | 154¢ 0276 —-0301
22 | .0254 | .000507| 164 0266 | .0277 0317 | 1937 0303 .0328
2i .0285 00638 3.0 0239 | .03i0 3459 2.45% 335 .0360
20 0320 |.000804 0.3 0334 | .0346 0384 3.099 0370 .0395
19 0360 00102 81y 0374 | .038¢ o424 3.900 0409 0434
18 0403 00126 £.59 o418 | .043y 0468 4. 91y 0453 . 04178
7 Q4s3 00159 5.22 .0469 | .ous2 0519 6213 0503 .0528
16 0508 | .00204 407 0524 | .0538 0s7s | 782 0558 .0583
15 0571 00255 3.2¢ .0588 | .0602 | .0639 987 .0621 . 0646
14 0641 00322 258 0659 |.0673 0710 12.44 0691 L0776
3 072 00407 2.04 0738 | .0753 0789 15.69 0770 .0795
12 0808 | .00515 L6i 0827 | .0842 | .0877 19.76 .0858 -0883
] 0907 00650 .28 0927 |.0942 0977 24.90 0957 .0982
10 102 00817 1.02 1039 |.1055 1089 3143 1069 1094
9 1Y 0i02 81y 165 | 1181 1225 39.62 1204 . 1254
8 129 0134 .634 | .1306 | .1323 | .1366 | 49.98 134§ .1395
7 A4y .0163 .510 1465 | .1482 .1525 63.03 /503 1553
6 .162 0206 .403 1643 | . 1661 1703 79494 1680 .1730
S 182 0260 .319 1842 | .18¢1 1902 100.2 1879 1929
Y 204 0327 .254 126.3 2103 .2153
3 229 042 .202 159.3
2 .258 0523 159 2009
] .325 0830 100
2/0 | 365 .10S .0791
4/o 460 166 .0500




Hare S1ze Rounp Correr WiRE

SnE Bare AReA | Bare Wr 2 /i600°
AWG | Diamerer g" */r000" @ 20°C
1/oha . 3071 L0741 285.5 . 1100
17z .2134 .0587 #' zza;L ) 438‘7ﬁ“r
22 . 2435 .0466 179.5 L1749
3% . 2169 .0370 142.4 - 2204
4% 1931 .0293 112.9 27181
5%h .1720 . 0232 89.6 - 3506
672 .1532 .0184 710 . 44419
172 1364 . 0146 56.3 .5574
8% 1215 L0116 44.7 .7025
9% .1082 .0092 354 .8859
10h .0963 . 00728 28.1 1118
1z . 0858 .00578 223 1.409
1272 .0764 .00458 1.7 1.7178
13 .0680 00363 4.6 2.343
i .0606 .0288 ni 2.824
152 . 0540 .00229 8.83 3557
16%. . 0481 .00182 7200 ¢ 482
i1 .0428 .00144 554 5.66;
18% .0381 L0011 Y4 4.39 7.143
1992 .0340 .000907 3.50 89712
20% . 0302 .000716 2.76 1.37
2i'y . 0269 .000568 219 14.33
22% .0240 . 00045 2 1.74 18.01
23% . 0214 .000360 .39 22.65
242 .0190 .00028% 1.09 28.73
25%h L0169 .Q00224 . 864 36.31
26 . 0I5 .000179 .690 45.49
27 . 0134 . 00014} .544 5775
28% .0120 .000113 436 72.02
29'% .0106 .000088 340 92.27
30, .0095 .00007! .273 114.85
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STATOR

DUNCHINGI. D. --(d) The inside diameter of the stator punchings.

PUNCEING O. D.--(D) The outside diameter of the stator punchings.

CORE LENGTH--({) The overall lcagth of the stator iron. Also record
on this line the solid core length ([f,). The solid length is the over-
all length times the stacking factor (Kj). The stacking factor allows
for the coating on the punchings, the burrs due to slotting, and the
deviations in flatness. Approximate values of K| are given in the

table below.

THICKNESS OF

LAMINATIONS X

(INCHES) GAGE i

014 29 0.92
.018 26 0.93
.025 24 0.95
028 ) 23 0.97
063 -- 0.98
.125 - 0.99

If ventilating ducts are used their length must be subtracted from the
overall length also.

DEPTH BELOW SLOTS x 2--(2h c) The depth of the stator core below the

slots times 2.

- 2h, = D = (d+2by)

Due to mechanical strength reasons he should never be less than 70%
of hg.

125
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SLOTS--(Q) -The number of stator slots. Write Qasa product of poles
(p) times phases (m) times slots per phase per pole (g). Thus pmq =
Q. In general fractions of q close to 1/3 and 2/3 should be avoided,
because these fractions are inclined toward producing force poles that
cause excessive noise and vibration. In three phase machines frac-
tions of q with thirds or any multiple of three in the denominator
should be avoided because with these values a balanced winding can-
not be qbtained.

$VA SLO’I‘S—-(bS and hs) The width of the stator slot (bs) and the depth of

the stator slot (hs) .

CARTER COEFFICIENT--(K_) The Carter coefficient for the stator slots.

+ IRt )
LS\USTUS]

KS = 5 (for open slots)
t _(5g+b S)-bS

te (4. 44g+. 75bo)
K = 5 (for partially closed slots)

s
ts (4. 44g+.7 5bo) -bo

TYPE WINDING-- Record whether star or delta (Y orA), and whether se-

ries or parallel.

THROW--(y) The coil span in slots. Record the percent span (y/mq) and
designate the slots in which the coil is placed 1+ y).

SKEW AND DISTRIBUTION FACTORS--(K sk and K d) The skew factor (Ksk)
is the ratio of the voltage induced in the coils to the voltage that

sould be induced if there was no skew.




127

. skTr
mT—
OR Ko = i
sk 7l
2t

The distribution factor (K d) is the ratio of the voltage induced in the

coils to the voltage that would be induced if the winding was concen-

trated in a single slot

sin(qu )
3 s/2 . .
K 4~ Sin‘xs/z (for integral slot machines)

sin(No( m/2)
" Nsh<m 73 (for fractional slot machines)

K4

See table 2 in the non-salient pole manual for a compilation of distribu-
tion factors for the various harmonics. See "Grouping oi Fractional
Slot Windings'" and "Distribution Factor' sections of the non-salient

pole manual for an explanation of K d for fractional slot machines.

CEORD FACTOR--(K ) The ratio of the voltage induced in the coil to the
voltage that would be induced in a full pitched coil.

K = sin(—Y- X 90°)
D mq

See Table 1 in the non-salient pole manual for a compilation of the
pitch factors for the various harmonics.




128
CONDUCTORS PER SLOT--(ng) The actual number of conductors per slot.
For random-wound-slots use-a spacefactor-of 80% to 85% when deter-
mining the permissable number.

TOTAL EFFECTIVE CONDUCTORS--(n e) The actual number of effective

series conductors in the stator winding taking into account the chord
and skew factors but not allowing for the distribution factor.
n = QnstKsk
e C
CONDUCTOR SIZE-- Record the number of strands making up each conduc-

tor and their bare and insulated sizes. Indicate also the type of strand
insulation.
CONDUCTOR AREA--(a,) The actual area of the conductor taking into ac-

count the corner radius on square and rectangular wire. See the fol-

lowing table for typical values of corner radii. .

a, = (width of cond.)x(thickness of cond.) - ‘.858rc2

Corner Radii

Width : Correr | . 858rc2
Thickness | g51 & Up | .187-.1750| Up to. 188 ,
1/64 | .00021

.689 & up 3/16 3/16 -- 1/32 | .00084
.883 - .439 1/8 3/32 -- 3/64 | .c0189
.438 - .223 3/32 1/16 -- 1/18 | .60335
.225 - . 166 1/16 3/64 3/64 3/32 | .o075¢4
.135 - .126 1/16 1/32 1/32 1/8 | .0134

edge . :
.072 - .051 | Rounded | Rounced | 1/64

edge edge
.080 & under| Rounded Rounded | Rounded

edge edge edge |
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Square wire .072 and under has a radius of .012. A rounded edge is
produced by rolling round wire to the specified size.

CURRENT DENSITY--(s) The amperes per square inch of conductor.

I

8 = F—
a.
Ca,

WINDING CONSTANT--(CW) The ratio of the RMS line voltage for a full

pitched winding to that which would be introduced in all the conductors
in series if the density were uniform and equal to the maximum value.

) ECle

w ﬁ Ephm

r
w

Assuming K qa=- 955, Cw = ,225 C1 for three phase delta machines
and CW = . 390C1 for three phase star ones. C1 is the ratio of the

maximum fundamental of the field form to the actual maximum of the
field form. For pole heads with more than one radius the field form
is determined from a flux plot of the air gap flux at no load, neglecting

saturation, ard C1 is then obtained by Fourier analysis. For pole heads
with only one radius,C1 is obtained from curve #4. The graphical flux
plotting method of determining C1 is explained in the section titled

'"Derivations."

TOTAL FLUX--((JT) The total flux that would exist in the gap if the density

was uniform and equal to the maximum gap density.

6
. 6000E10
¢'l‘

Cale
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GAP AREA-- The area of the gap surface at the stator bore = mad

GAP DENSITY --(Bg) The maximum flux density in the air gap.

B = ..?—T—

& Tal

POLE CONSTANT--(CP) The ratio of the average to the maximum value of
the field form. For pole heads with more than one radius C D is calcu-
lated from the same field form that was used to determine Cl’ and this
method is described in the second part of the manual. For pole heads
with only one radius Cp is obtained from curve #4. Note the correction

factor at the top of the curve.

FLUX PER POLE--(¢p) The total flux per pole.

TOOTH PITCH-—(tS and t s%—) The stator slot pitch on the inside stator bore,
and the stator slot pitch at a distance a third of the way up the tooth.
rd 7a+2n)
t = t1/3=— 3 8
s Q s Q
TOOTH DENSITY--(B,) The flux density in the stator tooth at 1/3 of the
distance from the minimum section.
Q€. b, 1/3

B

¢ wherebtl/3 = t31/3'bs




CORE DENSITY--(B c) The flux density in the stator core.

%

B, =577
¢ 2h c'e S
GRADE OF IRON-- Alloy identification and lamination thickness of stator

iron.

1/2 MEAN TURN—-(f t) The average length of one conductor.
Oy =L+ Lg

where LE = the end extension length

For random wound coils

Kt T y(d+h )
L_=.5+ S
E ~ Q
where Kt = constant depending on the number of poles
Kt = 1.3 for 2 poles; 1.5 for 4 poles; and 1.7 for 6 poles and

up

For formed coils

h .
- 1 a'd=1
LE = 2€e2 -i-7)'(__2_+db>+yhte T ' a_.ls
. /
where d = diameter of bender pin o
t
. h,, = is obtained from the > Bte
diagram as shown l
Le2 = straight part of the
coil extension beyond

the core

131
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RESISTANCE PER PHASE AT _ --(R ) The resistance per phase calcu-

lated at the expected coil temperature.

- Q‘eRmoo _285+X%C_ " s,

Rpp = 2
Ph 12000 C%m macc2
where 0 = resistivity 2t X°C = .91x 1078 100°¢
RIOOO = resistance per 1000 ft. of conductor at 25°C

x°c = expected coil temperature in oc-

EDDY FACTOR TOP-- The eddy factor of the top coil. Calculate this value
at the expected operating temperature of the machine.

EFTop - 1 j S8t / s?: ;te \\2]3 35 hstnsfa'c;] 2
l_ "_716 \{‘st&/_lm"ol_b f _|

where /D -—70 X 106

N st = number of strands per conductor in depth
hs £ = distance between centerline of strands in depth
hst = height of uninsulated strand

EDDY FACTOR BOTTOM-- The eddy factor of the bottom coil at the ex- -
pected operating temperature of the machine. Use same equation as
E. ¥. top except use .0833 in place of . 584.

DEWMiAGNETIZING FACTOIR—--(CM and C q) The ratio of the field ampere

turns to the maximum sine wave stator ampere turns required to force




the same fundamental flux across the gap. The demagnetizing factor

in the direct axis is

o T + sin oIl

C =
4 sini‘—z—n:

M

and the cross magnetizing factor in the quadrature axis is

1/20059%1-[ +aC I -sinaCr
C —3
1 4sin%7[-

The above factors can be read directly from curve #9 and calculation

by the above formulas is thus unnecessary.

AMPERE CONDUCTORS PER INCH--(A) The effective ampere conductors
per inch of stator periphery. This factor indicates the "specific load-
ing" of the machine. Its value will increase with the rating and size
of the machine and also will increase with the number of poles. X
will decrease with increases in voltage or frequency. A is generally
higher in single phase machines than in polyphase ones.

I,nK

ph's p
Cts

A =

REACTANCE FACTOR--(X) The reactance factor is the quantity by which
the specific permeance must be multiplied to give percent reactance
It is the percent reactance for unit specific permeance, or the per-
cent of normal voltage induced by a fundamental flux per pole per inch
numerically equal to the fundamental armature ampere turns at rated
current. Specific permeance is defined as the average flux per pole
per inch of core length produced by unit ampere turns per pole.

100AK d

X

| fzclsg
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CONDUCTOR PERMEANCE--(}\i) The specific permeance for the portion
is permeance

of the stator current that is embedded in the iron. This
depends upon the configuration of the slot.

(a) For open slots.

2
20 [“2 hy B '35'%] b, = tooth width

N = Cxma —+3—— 16t t at gap

(b) For partially closed slots with constant slot width.

2
[P 2, b, By D .35b,
=C, —\|+— + 4 +=— *+ +
N = Cxma|b. "Brb, b, '3, TeEg i

o o S S S

(c) For partially clos sed slots with constant tooth width.

(d) For round slots.

h
0

lots with a winding of one conductor per slot.

(e) For opens
( 1 )
C., =
X
h2 h t Kf}‘i
20 1 g S
A; =C 5 +— + .6+ + -
i Xmq|b 3b 2t 4 _
S g (Kx_

In all of the above formulas CX is a reduction factor that is dependent

upon the pitch and distribution of the winding.

2 1(3y 1)for3phase

= x where ==
CX—KR here Ky 4(mq

Kx = L for 2 phase
mq
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(a) open Slots (b) Constant Slot Width

| -—lbor
LA
]

i l

-

1

"0

(c) Constant Tooth ‘Width (d) Round Slots

b b‘ 1
be -
1IN

| | ho 4
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Values of Cx versus percent pitch for three phase windings are plotted

on Graph #1. These values assume a distribution factor of . 955. See
Graph #1.

END WINDING PERMEANCE--(\g) The specific permeance for the end

extension portion of the stator viinding.

M ﬂg'ﬁ‘!?[ggilj] Kg

(Obtain the value of aELE from Graph #1

~ Calculated valve of L . e e A '
E = Value of L from Graph 1V machines of d > 8")

gl
l

(for machines of d £ 8")

{ Calculated value of L
v

E alue of L from Graph #1

LEAKAGE REACTANCE--(X€) The leakage reactance of the stator for
steady state conditions
Xg = (2 + Ag

In the case of two phase machines a component due to belt leakage
must be included in the stator leakage reactance. This component is
due to the harmonics caused by the concentration of the MMF into a
small number of phase belts per pole and is negligible for three phase

machines.
.1d { sin %—% b4 90°
Ap = Pg, K,

Xe =I(xi+ )‘E+ )‘B) where)\b = 0 for 3 phase machines.

.
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AIR GAP PERMEANCE--(\ o) The specific permeance of the air gap.

_ 6.384d
)«a " %,

REACTANCE OF ARMATURE REACTION--(X“ andxaq) “The ™irtituous
reactance" due to armature reaction. In the direct axis

X,a = XA CCy

and in the quadrature axis
X aq - X Cq 2\ a
WEIGHT OF COPPER-- The weight in 1bs. of the stator copper.
#=.321nQ_ ¢,

WEIGHT OF IRON-- The weight in Ibs. of the stator iron.

# - .238 [bmqe (b + TT(D-h )hc eS]
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WOUND-POLE NON-SALIENT-POLE GENERATOR

ROTOR

TOTAL AIR GAP--(2g) The dougle air gap

ROTOR DIAMETER--(dr) The outside diameter of the rotor

dr=d-2g

PERIPHERAL SPEED-—(Vr) The speed of the rotor surface in ft. per minute.

7TdrRPM
Vr =712

1
TS PUNCHED--(Q r) The total number of slots punched in the rotor. If

1
the rotor is built with a solid pole center section Qr is the number of
slot pitches on the rotor circumference.

SLOTS WOUND-—(QI) The total number of slots that are wound. Also record

SIZE SLOTS-- The width of the rotor slot (bx) and the depth of the rotor slot
(hr)'
TOOTH PI’I‘CH——(tr S) The rotor slot pitch at the rotor diameter.

t _7I’d,.
rs '
Qr




GRADE OF IRON-- Spec number and gage number of the rotor iron.

CORE LENGTH--(-er) The overall length of the rotor core. Record also on
this line the solid core length (-em). See stator core length for stack-
ing factors.

'ers = Kier

CONDUCTORS PER SLOT--(n l_) The number of rotor conductors per slot.

TURNS PER POLE--(Nf) The total number of field turns per pole.

N _nrQr
f 2p

CONDUCTOR SIZES-- The bare and insulated sizes 6f the rotor conductors.

Also indicate the type of strand insulation.

AREA OF CONDUCTOR-—-(acr) The actual area of the conductor taking into

account the corner radius. See stator area of conductor for typical

corner radii.

a,. = (cond. width x cond. thickness - .858rc2)

MEAN TURN-—(‘et ) The mean length of rotor turn. This value must be

estimated from a layout of the rotor winding or from data on a pre-
vious machine.

RESISTANCE AT Xo--(Rf) The resistance of the field winding at the ex-

pected operating temperature.
Nf_{tr
R=p—

cr
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FLUX IN POLE CENTER- -(dgp) The portion of the total flux in each pole

center.

LEAKAGE FLUX--(des) The rotor slot leakage flux in each pole center.

- [P }
des (Fg * l:'s)‘er Ars tr] 5
=‘ hl‘l
where )\ __ is the rotor slot leakage permeance =]
h h . 35b,
_ 12.76p[ r2 N rl - tr+5tg

Ar - :E ) of _l:
rs T l_b‘ 2br ‘rs “rs_|

Record also on this line the total flux in the pole center.

9, = 9y + 9,

rc

CENTER SECTION DENSITY--(Bpc) The flux density
p

of the center section of the rotor at a section EL
half way down the rotor tooth. D rh h,ic '
KB

Ore. d

d_-h . + p-
where bp =EV rp {l [Qr er (solid centers)

@, -b)lQ, - Q+P
bp =|— ?||% - -(n_.+1)b_ (slotted centers)
P Qr rc r

n. =M of slots in center section per pole.



CORE DENSITY--(Brc) The flux density in the rotor core.
Irc .
8 = where 2h = = o, -2k -4 -2
rc 2h re 'ers re Tr rh

9 LOAD-- Space is provided for field voltage and current values at three
load conditions. These loads will preferably be taken as no load,
rated load, and guaranteed overload (usually 5 minutes).

FIELD AMPS. --(If) The field current at the various load conditions.

FIELD VOL’I‘S—-(Ef) The field voltage drop across the collector rings at

the various load and temperature conditions.
CURRENT DENSITY--(s) The amps. /sq. in. of the field conductors.

FIELD LEAKAGE REACTANCE-—(XF) The leakage reactance of the field

winding.

w4 2 _
Xp =Xz Cy AF, where AF = A__ +App

g.L
_6.28 | YEE
AFE = Zr [‘Tn— Kg

and

Pelg| .
is taken from the 50% pitch curve of Graph #1

En
calculated LE
KE = f;ﬁ'om Graph 1 (for dr above 8f’ diameter)
calculated Lg '
KE = W &l‘"rm 3"&!!*0!’)

Use the average pitch of the field winding
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FIELD SELF INDUCTANCE--(LF) The total self inductance of the field

winding.
Nep€
L —_118_1' [C (3.19 _P_) )\1‘] (Henries)

For rotors with solid pole centers the effective gap is taken as ng

ey . &

For rotors with slotted pole centers the effective gap is taken as K sKrg

andC = 1-—-3——

DAMPER LEAKAGE RFACTANCE--(XDd) The leakage reactance of the
damper winding and eddy current circuits.

X_ .=XA..
Dd Dd

Apd = L3P+ 8y +hy)

where g4 = depth of penetration factor and varies as ‘{-fi

dq

1.2 at 60 cycles and 0. 47 at 400 cycles

WEIGHT OF COPPER-- The weight in lbs. of the field winding.

#=_.321N p-etr or

WEIGHT OF IRON-- The weight in 1bs. of the rotor iron.
] ]
#=.283[md -n)-Q r]e h_+.283T (d +h Jb_ €

rs r
For slotted pole centers Q , = Qr
h' - dr- nr‘ d‘
re R ]

p——"
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REACTANCES AND TIME CONSTANTS

SYNCHRONOUS REACTANCE--(X d) The steady state short circuit reactance.
X, =
d ad +X e
V 1
UNSATURATED TRANSIENT REACTANCE--(X du) The transient reactance
due to the field winding assuming unsaturated conditions.

X, =Xp+X_ |o—o—
du y/ F\Xo+X_J

1
SATURATED TRANSIENT REACTANCE--(X d) The transient reactance due
to the field winding assuming normally saturated conditions.

Xd = 0.88Xdu

SUBTRANSIENT REACTANCE--(X;) The subtransient reactance due to the

damper winding and eddy current circuits.

7 X d = Xe + de
NEGATIVE SEQUENCE REACTANCE——(XZ) The reactance due to the field

which rotates at synchronous speed in a direction opposite to that of
the rotor.

14]
X, = %4

ZERO SEQUENCE REACTANCE--X 0) The reactance drop across any one

phase (star connected) for unit zero sequence current in each of the .
phases. The machine must be star connected for otherwise no zero
sequence current can flow and the term has no significance.
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20(111 +2

! |
X =X|== (M+N )+ +0.2 X\
o K, * Dd) 12m ?p?dbs E

=3 4 For a one conduction per sht}

Ko ~ mq vinding K_ = K_= 1 .
= (3 ,1
K, tmq T3 for pitches of 66 2/3% to 100%

X

(3 1 . '
K = (E%Z - ?) for pitches of 33 1/3% to 66 2/3%

POTIER REACTANCE--(XP) The reactance determined by the Potier triange.

Fr
X =X { + (F—-——-— )XFS

P S + FR
[ Ars
XFs - __Ed R Xd
pg_ Ars
e

]

OPEN CIRCUIT TIME CONSTANT--(T do) The time constant of the field wind-
ing with the stator open circuited and with negligible external resistance
and inductance in the field circuit.

L
= _F second

T
T
do RF

ARMATURE TIME CONSTANT- -(Ta) The time constant of the DC component.




TRANSIENT TIME CONSTANT--(T d) The time constant that determines the

rate of decay of the transient component of symmetrical short circuit
current.
. X
Ta =X Tao

SLOTS-- The blank space provided is to be used for sketches of the stator

and rotor slots.

CARTER'S COEFFICIENT STATOR-—(KS) The Carter coefficient for the

stator slots.

Ks

ts (5¢g + bs) -
= ) for open siots
ts(5g + bs)- bs

t,(4.44g+0.75b)

K

s 5 for partially closed slots

= 3
t,(4.44g +0.75b )-b*

CARTER'S COEFFICIENT ROTOR--(Kr) The Carter coefficient for the rotor

slots.

t (5g+b
K_=-I2 r) for open slots

2
trs(Sg + br) -br

tm(& 44¢ +0.75 b
Kr = - 3 for partially closed slots
trs(4. 44g +0.75 bm)-b

ro

EFFECTIVE GAP--(ge) The effective single air gap.

g

e KsKrg (for rotors with slotted pole centers)

8e K’g (for rotors with solid pole centers)
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SATURATION

AIR GAP AMPERE TURIB--(FE) The field ampere turns per pole required
to force the flux across the air gap at no load rated voltage.

B
Fe ~ ’5%
g ;
STATOR AMPERE TURNS--(FS) The ampere turns per pole required to

force the flux through the stator iron.

FS = F,r+l“C

F.. is the ampere turns per pole for the teeth.

It is calculated as the product of hs and the NI per inch at a density
of Bt'

FC is the ampere turns per pole for the core. It is calculated as the

T (D - he) . .
product of [T&]and the NI per inch at a density BC'

Use saturation curves from USS Electrical Sheets Manual.

ROTOR AMPERE TURNS-—(FR) The ampere turns per pole required for the
rotor iron. i

FR = Frr * Fcr

FTR is the ampere turns per pole for the core. It is calculated as the

product of hr and the NI per inch at a density ch.
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FCR is the ampere turns per pole for the core. R is calculated as the
product of [Tr(ds___&’h;g)]and the NI per inch-at a density B__.

Use saturation curves from USS Electrical Steel Sheets Manual.

An alternate method of calculating the rotor ampere turns is to deter-
mine the NI required at the maximum and minimum rotor pole center
sections. From these values the NI can be determined approximately as

1/3 (Max. NI + 2xMin. NI)

NO LOAD AMPERE TU RNS-—(FNL) The total ampere turns per pole required
to produce rated voltage at no load.

F =F +F +F
g S

NL R

RATED LOAD AMPERE TURNS--(FFL) The total ampere turns per pole re-

quired to produce rated voltage at rated load.

There are many proposed methods of determining generator field cur-
rents under load conditions but only one will be described here. Any of
the proposed methods will give reasonably accurate results, but where
possible previous test results should be referred to in order to deter-

mine the saturation component.




AMERICAN STANDARDS ASSOCIATION METHOD

Referring to Figure A, OB is the rated phase terminal voltage drawn at the
power factor angle 8, with the base line of the figure taken as the direction
of the current vector. BF is the § phase effective resistance drop and FD
is the % phase Potier reactance drop drawn in the proper phase

I

- _ph
% r, Rph X Eph XEF,yo X 100)
EFAVG = Average Eddy Factor

relation with respect to the current reference line. OD = Eg is then the air

gap voltage at which the generator is operating. This voltage is considered

a measure of the degree of saturation of the magnetic circuit. OB = Eph is

the terminal voltage.

Now refer to Figure B. The line Fg is the field ampere turns from the air
gap line corresponding to the terminal voltage Eph' Add vectorially to Fg
the field ampere turns Fsc corresponding to the rated armature current from
the short circuit characteristic.. The ampere turns FSc is added at an angle

0 the load power factor angle, with a perpendicular drawn to Fg' The effect

of the armature resistance is neglected on this diagram. Its effect would
be to increase the angle 0 by a very small angle but this angle is too small
to be of importance. Neglecting saturation FF'.L is the field ampere turns

for the given load and power factor. To take saturation into account, FSAT
is added directly to the ampere turns Fl""L to give the actual field ampere

turns F The component FSAT should not be added exactly in phase with

FL’

FI:'L as shown but little error is introduced by doing this. Actually, all of
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the ampere turns l“g are affected by the saturation of the magnetic circuit,
but only that part of Fsc which takes care of the leakage reactance drop is
similarly affected. The rest of Fs c balances the ampere turns of armature
reaction and neglecting the change in field pole leakage with change in satu-
ration, is uninfluenced by the saturation of the magnetic circuit.
OVERLOAD AMPERE TURNS--(FoL) Tixe total ampere turns per pole

required to produce rated voltage at the overload condition. This is

determined by the ASA method as described in F by using the

FL>

proper percentage values for T Xp, Iph’ FSC, and FSAT'

SHORT CIRCUIT AMPERE TU RNS--(FSC) The field ampere turns required

+ innulatn watnd aotntd, I it wer
-~ ~ A i

(¢}
(&)

SHORT CIRCUIT RATIO--(SCR) The ratio of the field current required to
produce rated voltage on open circuit to the field current required to
produce rated current on short circuit. Since the voltage regulation
depends on the leakage reactance and the armature reaction, it is
closely related to the current which the machine produces under short
circuit conditions, and therefore directly related to the SCR.

F
_NL

SC

LOSSES AND EFFICIENCY

PERCENT LOAD-- Space is provided for three conditions of loading and
these are preferably taken as no load, rated load, and overload.
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FRICTION AND WINDAGE--(F & W) There is no known calculation method
that will give even reasonable accuracy for this loss and so data from
previous machines will have to be used. The loss can be assumed-¥o
vary approximately as the 5/2 power of the rotor diameter andas the
3/2 power of the RPM. |

STATOR TEETH-- w WTOL) The no load tooth loss (WTNL)

(WTNL’ TFL’
consists of eddy current and hysteresis losses in the iron. For a
given frequency the no load tooth loss will vary as the square of the
flux density.

WonL = - 453 (4 /3 - bg) Q€5 B K

KQ = Waltts per pound loss from USS Electrical Steel
Sheets Manual at a density Bt' ‘

The stator tooth loss under load (W TFL & WTOL) is increased because

of the parasitic fluxes caused by the ripple due to the rotor teeth.

B 18 .
WTFL = [2(.27Xd) + 1] WTNL (Xd in per unit)

For WTOL use X d corresponding to the overload condition.

STATOR CORE--(WC) The stator core losses are due to eddy currents and

hysteresis and do not change under load conditions. For a given fre-
quency the core loss will vary as the square of the flux density.

w

o =1420D-h)h ¢ K

|

KQ = Watts per pound loss from USS Electrical Steel
Sheets Manual at a density of Bc




POLE FACE--(WPNL, WPFL’ WPOL) The pole surface losses are due to

the slot ripple caused by the stator slots. They depend upon the width
of the stator slot opening, the air gap, and the stator slot ripple fre-
quency. The no load pole face loss (WPNL) is calculated from Graph

 #2. The pole face loss under load (WPFL & WPOL) is calculated as:

Ksclg. h"s :
YprFL © k)" 1l WpnL
Graph #2 is plotted for open slots, thus BS = b0 for partially

closed slots

Ksc is obtained from Graph #3.

DAMPER--(WDNL, WDFL’ WDOL) The loss produced by the slot ripple in

the rotor wedges. This loss is calculated as a damper loss and at no

WDNL

load (WDFL & WDOL) for polyphase machines is calculated as:

W = Ksc'pn"s ‘ sl W
DFL *| \"eF, DNL

Ksc is obtained from Graph #3

is taken from curves #7 and #8. The damper loss under

For WDOL use Iph corresponding to the overload phase current.

STATOR 12R—- The copper loss based on the DC resistance of the winding.
Calculate for the maximum expected operating temperature.

12R=ml'2 R

ph ph
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EDDY.- The stator I°R loss due to skin effect.

Eddy Loss ddyFactorTop%Edly Factor Bottom)_ ﬂsmzR

ROTOR ER-- The copper loss in the field winding.
PrR-CR,

SUM OF THE LOSSES-- The total losses at the various loads.

RATING-- The kilowatt rating of the generator x 1000.

RATING + LOSS-- The sum of the total losses and the KW rating x 1000.

PERCENT LOSS-- The total loss divided by the rating + total loss.

STATOR WATTS/SQ. IN. -- The stator watts per square inch of stator peri-
phery.

w Stator Tooth Loss + Stator Core Loss + lzR + Eddy Loss
1IN mD€

ROTOR WATTS/SQ. IN. -- The rotor watts per sq. in. of rotor periphery.

W _ _ Pole face loss + Damper loss + Rotor lzR
l-I; ! Trdr tr
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